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This thesis sets out to explore the relationship 
between habitat and density for roe populations. 	The 
work was designed to draw from and build on recent 
research by other students of roe biology. 
The main study area of Clentress forest, Peeblesshire 
was selected since it was an area of comparatively low roe 
density and the results could be contrasted with other 
research on a high density roe population at Chedington 
wood, Dorset. 
Work on the partially marked population at Glentress 
showed that adult males defended exclusive territories 
during the spring and summer; adult does occupied home 
ranges which were similar in size to the territories of 
bucks, but,which overlapped extensively with each other 
and with the territories of bucks. 
Observations of territorial behaviour by adult bucks 
shows that bucks use a variety of methods to maintain 
territories, but that vision is especially important. 
Evidence is presented to show that roe bucks frequently 
restrict themselves to areas of high visibility during 
the summer. 
Methods of assessing food selection by deer are 
reviewed. 	Food selection by roe at Glentress was 
determined using a combination of direct observations and 
faecal analysis; the bias of these methods is discussed. 
Measures of abundance of key species in buck and doe ranges 
show that in general deer with large ranges command more 
iii. 
food resources than deer in small ranges. 	This does 
not support the suggestion by other research workers that 
territory size is primarily determined by the food supply. 
Use of habitat by roe is discussed, and the results 
of pellet counts on defined habitat types presented. 	The 
weighting of these habitats in terms of use by roe suggest 
that roe with large ranges command more resources than roe 
with small ranges. 	Measures of visibility within adult 
buck territories show that large territories are more open 
than smaller territories. 	Adult doe ranges show no such 
relationship. 
by other research workers 
Data from a long term study,] at Chedington wood, Dorset 
are discussed, and evidence presented to show that young 
does who settle and breed within the population normally do 
so by settling on or immediately adjacent to their mother's 
range. 	Long term changes in range size from the Chedington 
population are discussed and evidence presented to show that 
the change in the wood into the thicket phase has been 
accompanied by a decrease in mean range size for the roe 
population. 
The Chedington and Clentress results are discussed 
jointly and a model for population regulation in this 
species proposed. 
- 	 iv. 
as if there were a perfect equilibrium 
between the causes of destruction and renovation, their 
number is nearly always equal in the same districts. 
It is not difficult to count them; for they are nowhere 
numerous, and they live separately in different families.' 
A reference to roe deer contained in - Buffon's Natural 
History. 	Vol. IV 1791 (page 124). 
Translated by William Smellie 
V. 
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The roe deer (Capreolus capreolus capreolus) is the 
smallest of the indigenous deer species in Britain. 	Van 
den Brink ('1967) gives the shoulder height as 65-70 cms. 
and 	body weight as15-27 kgms. 	The species has a very 
wide distribution, being found as far south as Spain, 
northwards through much of Scandinavia and eastwards 
through Europe, Turkey and Iran. 	A sub-species, the 
Siberian roe (C.c. pygargus) extends from the Russian 
border with Europe, through southern Siberia, northern 
Mongolia and northern China. 	A further sub-species, 
The Duke of Bedford's or the Korean roe, (C.c. bedfordii), 
is to be found throughout the east of China, and Korea. 
Thus, from the land adjoining the waters of the north 
Atlantic to the Korean peninsula, the roe deer is 
distributed almost continuously. 
In Britain, the roe has had a somewhat chequered 
history. 	Although widespread throughout the middle ages, 
the roe in S. England probably became extinct towards the 
middle of the 18th century due to land clearance and 
hunting pressure. 	Re-introductions to re-afforested 
areas in Dorset in 1800 and Thetford in 1880 met with 
success and there are now considerable populations of roe 
in south-west England and in eastern England respectively 
which extend their range every year. 	Roe have never 
become extinct in Scotland, although it is likely that 
2. 
large areas of the Borders ceased to hold roe because of 
tree clearance. 	Dr. Johnson in his 'Journey to the 
Western Isles' (1776) makes frequent reference to roe-
buck on his travels through the Highlands, but no 
reference is made about roe in the Borders. 	On his way 
north, he passed up the Tweed valley, an area now heavily 
afforested, and commented on the treeless nature of the 
landscape. 	Every county of Scotland now has roe present, 
and it is only a matter of time before the northern 
population meets with the two southern populations to 
cover the whole of Britain, as in ancient times. 
The roe is the only member of the order Artiodactyla 
known to have delayed implantation. 	Mating takes place 
in late summer, but the blastocyst does not implant 
until early January. 	Birth takes place in late May or 
early June and twins are common. Like other members of 
the deer family, two coats are grown each year; a russet 
red summer coat which is grown in the spring and shed in 
the autumn, and a distinctive dark winter coat. 
Much of the knowledge of the behaviour of British roe 
derives from a few intensive population studies. 	Of 
these, perhaps the most valuable have been a Ph.D. study 
by Cumming (1966) and later by Bramley (1970a, 1970b, 1972). 
Work on the continent by Andersen (1953, 1961, 1962) and 
later by Strandgaard (1972a, 1972b) has also contributed 
to an understanding of roe, although this Danish work has 
tended to concentrate on gross changes in population 
structure, rather than the behaviour of individual animals. 
3. 
Cumming made observations on a population of roe 
at Glen Dye, Aberdeenshire for 3 years, and for one year 
on a marked population of roe at Chedington wood Dorset. 
The Chedington population has been the subject of an 
intensive marking programme by the Forestry Commission 
since 1962. 	Kids are caught and ear-tagged each summer, 
and deer are caught in long-nets in the winter and marked 
with permanent plastic collars. 	As a result of his work 
at Glen Dye, Cumming was able to describe an annual 
cycle of behaviour in the roe population. 	In the winter, 
roe were most commonly observed in small groups of 2-6 
deer, but these groups broke up in early spring with the 
onset of territorial behaviour, and increasing aggression 
by the adults, especially the males. 	RemQval experiments 
of bucks and does at Glen Dye and Chedington led Cumming 
to suggest that the bucks were defending a specific area, 
rather than female deer, and circumstantial evidence in • 
favour of this derives from the fact that the buck ranges 
frequently bore little relationship to the ranges of the 
does. 
Bramley undertook a more intensive study of the 
Chedington population from 1966 to 1968. 	His work is 
perhaps of greater interest because he concentrated his 
efforts over 3 years an a well marked population. 
Although further reference will be made to Bramley's work 
at Chedington, some of the main features of-his research 
are summarised here. 	Like Cumming, Bramley found that 
the group structure of his population changed in an annual 
4 . 
cycle. 	Winter groups of up to 8 deer were common. 
These groups were composed of an adult doe, their young 
of that year (kids), sometimes the young of the previous 
year and occasionally another adult breeding doe. 	These 
groups were frequently accompanied by an adult buck; 
although Bramley observed many combinations in the winter 
groups, he never saw a group of deer with more than one 
adult buck present. 	The territorial bucks at Chedington 
(animals of 3 years or more), were found to defend an area 
from April to August, from which they excluded all other 
males. 	The summer territory of individual bucks was very 
similar to their winter range, and Bramley concluded that 
the bucks occupied a territory for the whole year, although 
they defended it only during the period April to August. 
The absence of overt territorial aggression by the females 
led Bramley to suggest that the does occupied a home 
range (maintained throughout the year) rather than a 
territory. 
Bramley found that turnover in adults of both sexes 
was low, and only 18% of the marked adults left the wood 
or died each year. 	Indeed, the social system of the adult 
deer seemed to be remarkably stable and many of the deer 
present in the study area at the beginning of the study 
were present in the same part of the wood 3 years later. 
The stability of numbers of adult deer at Chedington 
contrasted with the changes in numbers of non-breeding 
juvenile animals and each spring and summer large 
numbers of young bucks and does were forced to emigrate. 
S . 
In 1968, Bramley performed a series of removal 
experiments to examine the replacement of adult breeding 
animals. 	The removal of a residential territorial male 
in the summer resulted in the immediate replacement of the 
animal by a buck which was previously non-territorial; 
similarly, removal of breeding does resulted in their 
replacement by juvenile females. 	As a result of these 
experiments and observations on roe over 3 years, Bramley 
concluded that the territorial bucks defended an area of 
ground rather than females, and that the number of 
territories in the population set a limit to the number 
of bucks who could occupy the area, but had no effect on 
the numbers of breeding does. 	Bramley suggested that the 
buck population at Chedington was regulated primarily by 
the territorial and aggressive behaviour of the adult 
breeding males, with the surplus non-territorial males 
being evicted each year. 	Because of the absence of 
clear territorial activity by the breeding does Bramley 
did not suggest a similar mechanism for the doe population, 
although there was strong circumstantial evidence that 
doe numbers were also regulated primarily by behaviour. 
Indeed, their social system has many similarities with that 
of the bucks: both sexes occupy similar sized ranges and 
once established on these ranges may remain there for a 
number of years, the young of both sexes emigrate each 
spring,the numbers of breeding does in the population 
remained stable over 3 years (19, 19 and 21) and the 
removal of a breeding doe resulted in the establishment of 
6 . 
a young non-breeding doe.. 	Although the behaviour of 
males (and probably also the behaviour of females) provides 
a proximate limit to the breeding density of a population, 
the factors which ultimately determine different breeding 
densities in different roe populations are poorly under-
stood. 
Bramley (1970b) investigated the proximal limiting behaviour 
of bucks by attempting to increase the aggression of 
territorial bucks using testosterone implants, and 
concluded that aggression of bucks could not be increased 
by implants of testosterone. 	Although the habitat of 
Chedington of Glen Dye was never adequately investigated 
by Bramley or Cumming, the idea that territory size is 
ultimately related to some component of the habitat is an 
attractive one, and has received some research attention. 
Cumming found that adult buck ranges at Glen Dye 
averaged 32.5 ha., while those at Chedington averaged 
only 8.2 ha. 	Bramley's work at Chedington was broadly 
in agreement with Cumming's preliminary study for he 
found that the bucks occupied an average range of 7.4 ha 
and does a range of 7.1 ha. 	Thus, there was a five fold 
difference in size between the territories occupied by 
bucks at Glen Dye and at Chedington. 	Indeed, Cumming 
suggested that the relative poverty of the upland forest 
habitat at Glen Dye when compared with the highly 
productive nature of Chedington (a partly deciduous wood 
which had been thinned and underplanted with conifers) was 
the crucial factor determining the differences in range 
sizes and densities of the population. 
7 . 
Iiishra (1972) examined the relationship between 
habitat and population density for a number of roe 
populations in Scotland. 	Despite the fact that rlishra 
had to rely on population estimates which were in all 
probability inaccurate, the study is of interest for the 
way in which it tackles the problem of roe habitat. 	In 
particular, Mishra considered the forest habitat for roe 
as being composed of food, cover, shelter and their 
interspersion. 	The work on the marked population at 
Chedington and the theoretical study by Mishra,however, 
failed to clarify the relationship between territory size 
and habitat for roe deer, and the theory that range size 
in roe is related to the habitat was unsupported by 
evidence. 
Hosey (1974) attempted to close this gap by examining 
in detail the food content of 9 buck territories at 
Chedington, the hypothesis being that territory size is 
determined by food supply; 	He examined the relationship 
between food selected by roe at Chedington (based on 
faecal analysis of the Chedington deer and stomach analysis 
of deer shot locally) and the food available in each 
territory. 	From this he was able to rank plant species 
in order of preference. 	Thus a species which was very 
abundant and seldom taken would be scored low, and a species 
which was infrequent but very commonly eaten scored highly. 
Hosey then allocated food values to each territory and-
examined the relationship between territory size and food 
content, the hypothesis being that larger territories would 
have less food per unit area than small ones, and that 
the food value of the territories would be approximately 
similar. 	Hosey's suggestion that this is the case is 
not borne out by the evidence which he presents in the 
table of food values and territories. 	There is in 
fact a significant linear relationship between food value 
and territory size (r = +0.809, p < 0.01) suggesting that 
larger territories contain more food than smaller 
territories. 	(Hosey 1974, Table 7.2, p.195). 	This 
suggests that buck territory size within the Chedington 
population is not regulated in a simple manner by the 
quantity of food available. 
In his analysis of food values, Hosey confined himself 
to broad leaved species taken by roe, since these were the 
most important component of the diet of the deer at 
Chedington, and in the assessment of food abundance no 
account was taken of the quality of the food in each 
territory, for practical reasons. 	Hosey's work is of 
great interest because it represented the first attempt 
to examine the relationship between the habitat of roe 
and the range size of known individuals. 
Although the population at Chedington has been well 
studied, much fundamental information on roe ecology 
remains to be elucidated, and I decided that it would be 
of value to examine a population in a poorer quality 
habitat and if possible to compare it with Chedington 
Since both Cumming (1966) and Henry (1975) had already 
demonstrated that roe defended territories in large upland 
blocks of conifer woodland, I felt that another study of 
9 . 
territoriality would be of little research value. 	Thus, 
the research aims were defined as follows:- 
To describe the behaviour of roe on an upland 
conifer plantation and to obtain data on the ranges of 
established resident deer. 
To examine the relationship between the sizes of 
these ranges and habitat. 	In the third year of the study, 
the Forestry Commission kindly made available to me all of 
the unanalysed data on the marked Chedington population 
from 1961 to 1972. 	Thus, a third aim was defined, namely: 
To describe the dispersion and behaviour of roe 
deer over a long period, and in particular to look at the 
settling pattern of young deer and the long term changes 
in territory size and habitat in Chedington wood. 
The Study Area 
Clentress Forest is on the northern slopes of the 
River Tweed, east of Peebles. 	The forest encompasses 
some 810 hectares (ha.) of planted land with a further 
356 ha. of land to the east which was acquired by the 
Forestry Commission in 1972 and ploughed and planted in 
1975. 	Clentress is the second oldest state forest in 
Scotland, part of the land being managed for forestry 
before the Commission bought it in 1920. 	Planted on the 
slopes of the Tweed Valley, the forest climbs gently from 
an altitude of 190 m. at the bottom to 550 m. at the top; 
10. 
the last 150 m. are steep. 
When the land was bought by the Forestry Commission 
only about 125 ha. of the forest was already planted, 
mainly with a crop of Douglas fir (Pseudotsuga menziesii) 
and European larch (Larix decidua), planted in 1903. 
Rainfall for the area is normally 90 - 100 cm., and frosts 
can be expected in the area for 90 nights of the year. 
Snow generally lies on the ground for about 20 days, 
depending on aspect, altitude and shelter. 
The slopes of the forest are dissected by a series 
of burns which have cut valleys into the slopes, creating 
a series of gently rolling ridges which slope north south. 
The south and south-west of the wood adjoins agricultural 
land, which is generally managed as grassland. 	The north- 
east, north and east of the wood is bounded by moorland 
which is unenclosed. 
No deer were shot in the course of the study in 
Clentress. 	Prior to 1973, deer were shot by the local 
ranger, although the culling pressure was generally light 
(in 1970, 9 bucks and 1 doe were shot). 
The bedrock for the area is principally an Ordovician 
greywacke and this forms some small outcrops on the upper 
slopes. 	A mask of glacial till covers the lower slopes, 
and is a reasonable fertile medium for tree growth. 	Three 
main soil types are found in the area. 	The valley bottoms 
and burn lines up the slopes are generally surface water-
gleys and ground water gleys with a top yield class of 18 
for the sheltered lower slopes. 	The slopes to the valleys 
* Yield class is the measure used by foresters for the 
productivity of forests. 	The units are metric tonnes 
of timber produced per hectare per year. 
11 . 
are composed of brown earths,. a free draining soil with 
an upper yield class of 16. 	The high slopes and hill 
tops are composed of soils with high peat content, and 
as might be expected, tree growth is lower with an upper 
yield class of 14, and normal yield of 10. 	The brown 
earths are the commonest soils on the site, comprising 
approximately 60% of the area, with the two other types 
covering about 20% each. 
The ground vegetation of the area is strongly 
influenced by the cover and soil type of the site. 
However, as might be expected for a site of this type, 
the area is extensively covered by soft grasses, fine 
grasses and various ferns. 	Extensive swards of 
Oeschampsia flexuosa are to be found throughout the 
forest, together with Oxalis acetosella (the wood-sorrel) 
and Caixium saxatile (heath bedstraw). 	Other grasses 
such 'as Agrostis tenuis (the fine bent) Festuca ovina 
(sheeps fescue) and Nardus stricta are all common through- 
out Glentress. 	Coarse grasses such as Deschampsia 
caespitosa and the rush Juncus effusus are common in the 
valleys, and their distribution typically follows the 
surface water gleys. 	Bracken (Pteridium aguilinum) is 
not as common in Clentress as in other forests in the 
Tweed valley, although extensive areas of the fern are to 
be found in some parts of the wood on the brown earths. 
The commonest ferns in Glentress are the broad buckler 
fern and the male fern, (Dryopteris dilatata and 
D. filix-mas), two species which bear a superficial 
12. 
resemblance to one another. 	Oryopteris dilatata is 
particularly common under stands of mature European 
larch (Larix decidua) in conjunction with Deschampsia flexuosa. 
The only natural understorey species in the area are 
Rubus idaeus (the raspberry) and Sambucus racemosa (red-
berried elder), although sycamore seedlings (Acer 
pseudoplatanus) are found throughout the area. 	Natural 
regeneration of the standing conifer crop is rare, and is 
really only seen by larches (Larix decidua and L. lepto-
lepis) and Scots pine (Pinus sylvestris) on the edges of 
roads. However, the absence of a shrub type under-storey 
is compensated to some extent by the extensive development 
of a fern layer. 	Glentress forest is unusual in that part 
of it is the subject of a long term experiment in forest 
management by the University of Edinburgh. 	At the 
instigation of the late Professor Mark Anderson in 1952 
/ 
some 120 hectares of experimental area* was delimited with 
the following aim: 
'To create and maintain in perpetuity a forest of 
irregular structure which will function primarily in a 
protective capacity'. 
This forest was to be based on a 'mixed selection 
forest' typical of C. Europe and the U. Caucasus mountains, 
consisting mainly of silver fir (Abies alba), Norway spruce 
(Picea abies) and beech (Fagus sylvatica). 	The management 
* The Edinburgh University Experimental Area, thereafter 
called the E.U.E.A. 
13. 
method is based on the 'Methods du Controle', the 120 ha. 
area being divided into 6 approximately equal blocks of 
20 hectares each. 	In the block of the year, 1/10 of an 
acre (0.04 ha.) is cleared and planted by cutting 1/20 and 
1/40 acre groups into the overlying stands. 	A conversion 
period of 60 years is planned. 	In 1956, the 1/40 acre 
groups were discontinued, and 1/20 and 1/10 acre groups were 
used up to 1964. 	Since then, much larger groups of up to 
1/2 acre have been planted. 
The original intention was to plant mixtures of fir, 
spruce and beech to create a mosaic forest with up to 14 
conifer species and 21 hardwood species present. 	The 
hardwoods planted were frequently severely damaged by 
sheep and deer and planting options have become restricted. 
Indeed, many of the early planted hardwoods have completely 
disappeared, while beech which could grow well at Glentress 
is often held in almost perpetual check by browsing. 
The species most commonly used in the regeneration groups 
are Norway spruce, beech, sycamore, Douglas fir, grand 
silver fir (Abies grandis) and rowan (Sorbusaucuparia). 
With the exception of an area of old larch at the top 
of the wood (planted in 1860) all of the groups have been 
cut into the regular conifer stands planted in the 1920's 
and 1930's. 	Due to the poor performance of many of the 
European larch and Scots pine stands the Forestry 
Commission has underplanted many areas with Norway spruce 
and Sitka spruce (Picea sitchensis). 	This understorey 
has almost completely replaced the old larch stands. 
14. 
In 1968, the forest was subjected to strong gale 
force winds which 'blew flat much of the older part of the 
forest on the lower slopes and valleys. 	Severe storms in 
1974 and 1975 almost totally removed the mature timber from 
the valley system, the pattern of windblow being closely 
correlated with the distribution of surface water gleys. 
Apart from small amounts of windbreak, the upper forest 
survived the gales. 
The structure of the forest is now very irregular, 
in terms of both age and species composition. 	The valleys 
have been restocked with spruce, but visibility is still 
good and the slopes are largely free of thick conifer 
plantations in the thicket stage although the original 
stands of larch and fir have been extensively underplanted. 
Thick stands are found in a belt down the centre of the 
forest in compartments 210, 18, 17, 16 and 15. 	Map 1 
shows a Forestry Commission stock map for the area. 
Glentress Forest was selected as a main study area 
because it offered good visibility for stalking deer which 
was not normally present in Forestry Commission forests. 
The extensive underplanting and mixed species composition 
make it an 'abnormal' forest, and the selection of the 
site was a compromise between the need to work in an 
upland conifer forest, and the need to have reasonable 
visibility to see deer. 	The study area used was the 
south eastern half of the forest, an area of 310 hectares, 
enclosing the EUEA. 	The junction between the study area 
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CHAPTER 2 
The behaviour and dispersion of roe at Glentress 
Introduction 
Observations on roe were made using a combination of 
binoculars and a Nikon zoom telescope. 	In 1974, 8x30 
binoculars were used, but I changed these in 1975 for a 
pair of 7x50 which had better light-gathering power. 	All 
observations went into a field note book, although in 1975 
and 1976 a Phillips pocket tape recorder was used in the 
field instead of a note book, and this proved invaluable in 
recording behaviour. 	The tapes were usually transcribed 
the same day. 	Night observations were made with a narrow 
beam spot light run from the carts electrical system. 
Roe were surprisingly unaffected by the light, and it proved 
possible to observe them for long periods, usually terminated 
by the battery running out of power. 	In some cases, it was 
possible to watch roe with an image intensifier at night, 
having first found them with the light. 
The open terrain at Glentress makes high seats 
unnecessary in most areas, and the majority of sightings 
were either made from the car or on foot. 	Roe are 
normally most active, in the hours immediately before dusk 
and after daiin, and the length of time that one can spend 
observing roe is strictly limited. 	Furthermore, they are 
normally very 'wary, and will frequently flee for cover at 
the slightest provocation. 	The ease with which one can 
observe roe depends upon the time of the day, the terrain, 
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the weather and the experience of the stalker. 	There 
are a few areas in Britain such as Petworth Park in Sussex 
where roe have been unmolested for generations and here 
they can be seen feeding at almost any time of the day. 
Roe are hardest to observe in the autumn and early 
winter. 	The long winter nights enable them to feed 
largely under cover of darkness, and it was not until 
1975 when the spotlight method was developed that it 
proved possible to get any appreciable results in this 
period. 
Table I shows the average number of roe seen per 
outing per fortnight over a 2 year period. 	It can be 
seen that there is a steady increase in the number of 
deer seen from January to July. 	The higher number of 
sightings in 1975 and 1976 is a reflection of better 
stalking on my part and also perhaps tamer deer. 	The 
average number of contact hours per outing per fortnight 
also increased greatly in 1975 and is, presumably, due to 
the same factors. 	Despite improved contact towards the 
end of the study period, deer remained hard to watch for 
long periods and a proportion of the sightings were 
inevitably of disturbed animals. 
All observations of deer were initially recorded onto 
a sheet of tracing paper laid over a map of the forest on 
a 12" to 1 mile scale. 	Data on individual deer were 
transferred from this monthly summary sheet to an 
individual deer sheet - again on a 12" scale. 	All 
sightings were coded in such a way that it was possible 
to check the location of the animals in the wood with 
18. 
Table 1. 	The 	averaae number of deer sightings per 
outina per fortnight 
Jan. Feb. Mar. Apr. May June 
1973 - 	 - - - 	 - 	 - - - - 	 - - 	 - 
1974 2.6 	3.1 3.6 4.2 	2.5 	2.2 5.8 5.2 6.4 	6.8 9.2 	8.6 
1975 5.6 	6.0 6.5 6.5 	7.0 	5.8 4.9 6.8 8.9 	9.7 10.2 	12.1 
1976 5.5 	6.1 7.5 8.5 	10.2 	6.3 8.9 5.5 10 	9.4 8.1 	8.2 
July 	Aug. 	Sept. 	Oct. 	Nov. 	Dec. 
1973 	- 	- 	- 	- 	- 	- 	- 	- 	0.8 0.8 1.8 1.5 
1974 8.4 9.1 6.0 7.2 3.9 5.4 4.2 1.6 0.5 2.8 2.9 4.1 
1975 12.0 13.5 11.1 8.2 6.1 5.3 0.6 3.2 1.6 7.1 4.9 5.8 
1976 - - - - - - - - - - - - 
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behavioural records in the note book. 	The position of 
the sighting on the map reflected the animal's true 
position to within 15 metres. 	The movement of the 
animal over the ground was recorded in the form of a 
line; if an animal was disturbed, its subsequent 
movement has been rejected in the consideration of 
territory boundaries. 
The recognition of deer 
Wild roe are very difficult to recognise as 
individuals. 	For this reason, in the winter of 1973-4, 
considerable effort was expended in attempting to mark roe 
with self-attaching collars. 	This collar is described 
in Taylor (1969); Barnwell (1972) modified the design to 
attach a running snare over a deer run. 	I further 
modified the design to incorporate a toggle and peg type 
clip instead of the unreliable steel dog clip. 	Some 50 
of these collars were set on suitable runs in the wood, 
and were moved every few days. 	As a result of considerable 
effort, 2 deer were marked. 	One of them, a buck kid, 
picked up two collars and then disappeared in early spring. 
The other, doe I t picked up a collar in February 1974. 
It quickly became apparent that-it was not going to be 
possible to mark many deer with self-attaching collars. 
The principal cause of the failure was the animal jumping 
through the snare, and thereby breaking the weak link 
around their chest. 	If the snare was set to such a size 
as to prevent this, the deer usually pushed the collar 
aside and continued down the trail. 	Later, collars were 
used to try and mark specific deer by saturating the areas 
of cover that they were using during the day. 	This 
approach proved to be more successful, and a total of five 
more deer marked. 
By the summer of 1974, it was possible to identify a 
number of unmarked individuals in the population. 
Generally, bucks proved to be easier to identify because 
antlers are distinctive in roe. 	A system of recognition 
cards was developed, and these cards were carried in the 
field to help identification. 	Because of the small number 
of bucks in the study area, this system worked well as a 
method of identifying individuals. 	However, with females, 
identification was very difficult, and individuals could 
normally only be identified if they had a particularly 
distinctive coat or were accompanied by kids who were 
themselves marked. 	Only three females in the study area 
were recognisable as individuals in their own right. 
Because of the problems of identifying females and 
difficulties in observing unmarked deer in general, it was 
decided to have a catch-up in the autumn of 1974 to mark as 
many deer as possible with Darvic collars. 	The technique 
is to drive deer into long-nets, and make each of them 
with a distinctive collar bolted around the neck. 	A 
description of the method --is to be found in Cockburn (l97s 
As a result of 2 days netting in November 1974, 10 deer were 
caught and marked. 	One of them, territorial buck 7, died 
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in the net, probably as a result of the inexperience of 
the handlers, and another, a doe, was found dead two 
weeks later. 	In November 1975 a much smaller netting 
operation was held in which a buck and a doe were caught. 
The collars carried by these animals were fitted with 
beta lights, which enabled them to be tracked at night 
without the disturbance associated with spotlights. 	Both 
of these animals survived the capture, and were seen on 
many occasions in 1976. 
Seasonal changes in group structure 
The roe at Glentress showed some seasonal change in 
the number and constitution of feeding groups. 	These 
seasonal changes have been widely reported for roe in 
Britain (Cumming 1966, Prior 1968, Bramley 1970b) and on 
the continent (Kaluzinski 1974 and Strandgaard 1972a). 
Feeding groups at Glentress were generally larger in the 
winter than the summer and normally ranged in size from 
two to seven deer. 	Changes in group structure from 1973 
to 1976 are summarised in Table 2. 	It can be seen that 
the commonest feeding groups in the period November to 
January are adult does and kids, sometimes accompanied by 
an adult buck. 	Adult does feeding with kids were often 
accompanied by yearling does, and occasionally by yearling 
bucks. 	In late winter, it proved extremely difficult to 
distinguish these yearling does from the adult does, and on 
some occasions a group was classified as being two adult 
Group Structure 
Ad M alone 
Ad 	11 + yrings 
Ad F alone 
2 	lid F 
Ad F + kids 
2 	lid F + kids 
Ad M + Ad F 	(s) 
Ad M F + kids 
Ad F kids + Ad F 





2 Ad M. 
Total % 
Number of groups 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
5.75 18.85 17.98 32.04 33.84 40.38 32.09 13.92 22.58 6.13 16 7.31 
2.15 2.28 5.82 1.59 1.52 - 3.11 1.21 - 6.13 0 2.80 
20.14 14.28 12.69 19.09 29.92 26.13 24.3 12.22 6.45 10.2 14 7.31 
2.87 - 1.06 3.19 2.83 - 0.93 3.04 3.22 4.08 6 6.74 
22.3 9.71 10.31 5.91 0.87 2.86 11.83 6.67 12.9 24.48 24 13.48 
2.15 - - - - - - - 3.22 6.13 4 - 
23.7 30.85 29.57 15.22 11.36 11.88 12.47 17.58 32.25 24.48 12 14.61 
6.56 2.85 2.64 2.05 - 1.19 3.42 33.34 9.69 12.24 12 21.91 
9.35 16.59 8.73 4.09 0.44 - 2.18 1.82 9.69 - 2 15.17 
4.31 - - - - 0.23 - 3.03 - 6.13 4 10.67 
- - 7.67 - - 15.67 6.24 7.27 - - 2 - 
- 3.43 0.53 0.91 - 0.71 - - - - 2 - 
- 1.16 - 15.91 18.56 - 3.43 - - - - - 
0.72 - - - 0.66 0.95 - - - - 2 - 
100 100 100 100 100 100 100 100 100 100 100 100 
139 175 378 440 458 421 321 165 31 49 50 178 
NJ 
NJ 
Table 2. 	The seasonal changes in group structure of roe deer at Glentress, 1973-1976, 
as determined by the percentage of different groupings seen, 
(lid Il and Ad F are adult bucks and does respectively) 
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does and a pair of kids, when in all likelihood it was 
composed of an adult with her kids, accompanied by a 
yearling doe. 	Indeed, feeding groups composed of two 
clearly identifiable adult females were very infrequent, 
as shown by the very low numbers of groups of two adult 
does, each with kids from the previous year. 	Throughout 
the winter, however, a large number of observations were 
made of solitary feeding deer, and the phenomenon of winter 
grouping in roe is largely caused by an association of a 
doe and her kids with one or two other deer. 	Many of 
these associations were temporary and frequently lasted 
only a few hours. 	Strandgaard (1972a) has described 
similar temporary feeding associations between marked 
animals; in this case, groups were found to be similar in 
size from day to day, with the animals feeding over the 
same area of ground, but the individual composition of 
these groups varied greatly. 
In the early summer at Glentress, kids lie up in cover 
while the adult females feed alone, but by the end of July, 
month old kids could be seen out feeding with their mothers, 
these feeding groups frequently being accompanied by yearling 
females. 	There was an increased association of the adult 
bucks with the females towards the end of July, when 
rutting occurs. 	There was never any evidence from Glentress 
to suggest that roe were congregating in large groups in 
the winter, and it can be seen from Table 2 that the only 
major difference between winter and summer groups is that 
the adult bucks accompanied does and their offspring more 
frequently in the winter than they did in the summer. 
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The dispersion of roe at Glentress 
The Glentress study area (see Map 1) is divided into 
three hills by a Y shaped burn system which runs north 
south. 	To the left, centre and right of the V the ground 
rises 100 metres. 	At the head of the Y, the ground rises 
steeply from 380 to 550 metres. 	The valleys at Glentress 
have been subjected to a series-of windblows in recent 
years, (1963, 1974 and 1975) and the lower lying valleys 
in the forest are open and consist largely of young 
plantation. 	This contrasts with the slopes of the hills, 
which are generally still planted with mature developing 
crops of conifers. 	The structure of the wood seems to 
have imposed a considerable effect on the shape of adult 
buck territories in Glentress, with seven bucks in 1974 
holding territories which each included part of a valley, 
part lower slopes with mature thinned crops and part of 
the thicker plantation on the upper slopes. 
The territories of bucks at Glentress 
Adult bucks were consistently the easiest animals to 
identify as individuals and easiest to observe in the spring 
and summer when long hours of observation are possible. 
By mid-summer of 1974, 11 bucks had been identified as 
holding territories in the main study area, with a further 
two deer holding territories which extended in part out- 
with the study area. 	All of these animals were identifiable 
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using antlers and coat characters. 	The roe bucks 
identified in 1974 as being territorial were classified 
as being two years old or older. 	Similar assumptions 
were made by Bramley (1970a) and Cumming (1966) concerning 
the age of territorial bucks in their study areas. 
In addition to the 11 territorial bucks holding 
territories in 1974, a further four yearling* bucks 
attempted to hold small territories on the edges of the 
adult territories; of these, two were present in the 
study area in 1975. 	In order to distinguish them from 
adults these young animals have been termed fringe bucks. 
Buck I occupied a territory in the east of the wood 
in 1974. 	He was seen through the winter of 1974 and 
defended the territory in 1975. 	In the catch-up of 1975, 
an adult buck with shed antlers was caught in the net near 
to the centre of buck Its summer territory. 	In 1976, this 
animal (designated No.19) was seen on the territory, and 
it is probable that buck 1 and 19 are the same animal. 
Buck 2 was seen in 1974 holding a small fringe 
territory. 	He was caught in the catch-up of 1974 and 
marked with a Darvic collar. 	He was seen occasionally 
on his summer range through the winter of 1974/75. 	On 
April 10, 1975 he was seen on the edge of the wood on 
moorland. 	He was never seen again. 
Buck 3 occupied a territory south of buck 1 in 1974. 
Buck 3 was collared in November 1974 with a self attaching 
collar set in thick cover, and this remained attached until 
a 
* Yearlings were deer between 12 and 24 months of age. 
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spring 1976, when it fell off. 	Thus, buck 3 was present 
in all three years of the study. 
Buck A was difficult to find in 1974. 	He was seen 
17 times from May to August 1974, but only twice from 
August to December. 	Since this animal was not marked, 
the occupant in 1975 and 1976 has been designated buck 24 
and 28 respectively. 
Buck 6 was the first animal in the forest to be 
identified as an individual, and he remained easy to 
identify; he was present in all three years of the study. 
Buck 7 defended a territory in the centre of the study 
area. 	In the November catch-up of 1974 he was caught in 
the nets, but died due to mis-handling. 	Tooth section of 
a molar indicated that he was four years old at the time of 
death. 	In 1975, buck 7's territory was occupied by buck 20. 
Buck 8 was observed in a small territory in the west of 
the wood in 1974. 	He was completely blind in one eye; the 
ball had collapsed and the lids were closely opposed. 	In 
the spring of 1975 he was observed on the vacant territory 
of buck 7. 	On [larch 13, he was seen twice, once on the 
edge of the old buck 7 territory and once on the edge of 
buck 5?  territory. 	He was not seen again. 	Buck 8 was 
replaced by an adult buck, but no serious attempt 1 was made 
to track this animal because of extensive forestry activity 
in compartments 216 and 214. 
Buck 9 was seen through the summer of 1974 in a small 
territory to the west of the wood. 	An adult buck was 
seen in 1975 in this area but no attempt was made to mark 
and observe this animal because of the thick vegetation. 
27. 
Buck 10 was accompanied by a marked doe for the 
summer of 1974. 	Less field time was spent in this part 
of the wood in 1975 and 1976, although double sightings 
of adult males in the western spur of the wood suggest 
that two adult males were still present in these two years. 
Buck 11 defended a territory to the north of the wood 
in 1974 in compartments 18 and 213. 	A determined effort 
was made to catch this animal in 1974 which failed. 	The 
occupant in 1975 and 1976 is therefore designated buck 25 
and 26. 
Buck 12 was marked with a self-attaching collar in 
1974. This collar fell off in February 1975. He was 
re-marked in November 1975 with another collar, and this 
remained attached until 1976. He was therefore present 
in all three years of the study. 
Buck 13 defended a small fringe territory in 1974 on 
the edge of buck 6's territory. 	Damage to a pedicle made 
the antlers of this animal very distinctive, and he was 
present in the wood in 1975 and 1976. 
Buck 14 was caught in the catch-up of 1974 and marked 
with a Darvic collar. 	(His mother was also marked). 	In 
the spring of 1974, buck 14 was seen well outwith his 
winter range and thereafter was seen in a wide area through-
out the wood. 	In 1976, he moved out onto moorland and 
defended a large territory on newly planted ground 14 km. 
from his birth place. 
Buck 15 defended a territory in the centre of the wood 
in 1974. 	In the catch-up of November 1974 he was caught 
and marked with a Darvic collar; he remained on the 
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territory through to 1976. 
Buck 16 was first identified late in the spring of 
1974, when he was defending a small territory. 	Since he 
was unmarked, the occupant of the territory in 1975 is 
designated buck 23. 	On June 21, 1975, buck 23 was found 
dead on the road through compartment 202. 	There was a 
small hole in the left of his chest, and post-mortem 
examination revealed massive internal bleeding. 	It was 
presumed that he had been stabbed to death by another roe 
buck. 	The lower jaw was removed and tooth section revealed 
that he was four years old at the time of death. 	This 
suggests that buck 16 and buck 23 are the same individual 
because roe bucks normally defend territories from the time 
they reach two years of age. 
Buck 17 occupied a small fringe territory in 1974. 
He was easily approachable through the summer, and usually 
ran no more than 100 metres before stopping. 	He was not 
seen after August 1974. 
Buck 18 was caught as a kid in the catch-up of 1974 
and marked. 	He was observed through the winter of 1974 with 
his mother. 	From March to July 1974 he was seen widely 
through the south of the wood. 	He was not seen after 
July 1974. 
Buck 20 was first seen on the vacant territory of buck 
7 on May 6, 1975. 	Although he was seen frequently from 
May to August, there is no way of determining-whether he 
remained on this territory in 1976. 	Thus the occupant in 
1976 is designated buck No.22. 	On June 2, 1976, buck 15 








PLATE I. 	Buck No. I crossing road into 
compartment 206 
PLATE 2. 	Adult doe. 	Note moult of winter coat 
on neck, and well browsed Calluna in 
background 
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was found dead by a forester in C 17c. 	There were 
several wounds in his left flank and it is presumed that 
he was wounded by buck 15. 	Ageing of this animal by 
tooth section was difficult because of rut lines in the 
cementum, but he was aged either three or four at death. 
The four fringe bucks at Glentress 
Four yearling males occupied very small territories 
in 1974 on the edges of adult territories. 	While all four 
of these deer were seen performing territorial activity 
(such as scent marking and fraying) they were clearly 
subordinate to the adult males. 	Two of these animals, 
bucks 13 and 5, remained in the population through to 1975. 
Buck 2 was seen early in 1975 and then disappeared from the 
study area, presumably emigrating. 	Buck 17 was not seen 
after August 1974. 	Bucks 2, 13 and 17 were seen being 
chased by adult males; for instance on July 2, 1974, buck 
17 was chased by both bucks 3 and 4 down the length of the 
valley of C 11. 	Prior to the study, the Glentress 
population was shot by the local rangers, and the buck 
cull for the summer of 1973(whole forest) was 9 animals. 
That winter, a very severe storm blew flat much of the 
south of the wood and this may have accounted for the 
unusual dispersion of these four animals. 
In 1975 and 1976, despite intensive field work, no 
young males were seen on small territories adjacent to 
those of adult males. 	Bramley's (1970a) study suggested 
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that for an upshot population, the ranges of yearling 
males frequently extended throughout the wood because 
of aggression by territorial males. 	There has been some 
suggestion that removal of adult bucks can cause settling 
of a number of sub-adult males (Prior 1968), but the 
rangers for Glentress shot only three bucks in the study 
area, an adult in C206 and two yearling males from C219, 
so this is an unlikely explanation. 
Early in 1975, buck 5 (carrying a collar) was seen 
on the lower slopes of C8 and C9 feeding alone. 	By April 
he appeared to be confined once again to the valley and 
was seen infrequently in this part of the wood through the 
early part of the summer. 	On June 16 he appeared to have 
a badly injured right foreleg, and was walking with 
difficulty. 	He was shot on June 18 by the local ranger. 
Later that evening, buck 24 was seen fraying in the bottom 
of the valley. (The movements of bucks 24 and buck 5 are 
shown on map 14.) 	Examination of buck 5 revealed that he 
had an injury to his left eye, a deep cut on the nose and 
the top of the left antler was broken. 	The right foreleg 
was severely cut, with damage to the tendon, and the 
injury to the nose, leg and eye appeared to be recent. 
The home ranges of adult does at Glentress 
Does proved considerably harder to identify as 
individuals. 	During the study, a number of does were 
marked with self-attaching collars or were caught and 
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marked with Darvic collars. 	Very few unmarked does were 
recognisable as individuals in their own right, although 
the winter range for a few could be determined if they 
were accompanied by a marked juvenile. 
Doe 1 was marked as a kid with a self—attaching 
collar in December 1973. 	From December to May 1974, she 
was seen in C 14, 15, 216 and 217. 	On May 21, she was 
seen in C 20 with buck 10 and an unmarked doe with two 
kids. 	She was not seen after August 1974, but the collar 
may have fallen off. 
Doe 2 was seen through the winter of 1974, and was 
presumed to be the mother of doe 1. 	Since she was 
unmarked, locations of her ceased after the movement of 
doe 1 to the western spur of the wood. 
Doe 3 was caught as a kid in November 1974 and collared. 
Her range extended through the eastern part of the wood, 
and she was seen in C 209, 208 9 206 and 11 in 1975. 	In 
1976, she was accompanied by her two unmarked kids and in 
1977 she had a single kid. 
Doe 4 was caught in the nets with doe 3 and both 
animals were seen together through the winter of 1974-75. 
It is presumed that doe 4 was the mother of doe 3, since 
doe 4 had well worn molars and there was still evidence of 
lactation. 	Doe 3 was clearly a kid on the basis of body 
weight, and tooth structure. 
Doe 5 was caught and marked in 1974 with a Darvic 
collar, along with one of her buck kids. She was seen 
throughout the study period, and had twins in 1975 and 
1976; in 1975, her kids were caught and ear-tagged. 
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Doe 6 was identifiable in 1974 because of a large 
patch of white hairs on her flank. 	In the winter of 
1974, she was collared with a self-attaching collar which 
remained on until the spring of 1976. 
Doe 7 was one of the few unmarked does in the study 
area to be identifiable as an individual because of a 
very distinctive tail patch. 	This doe was seen in L15 
and 14 in 1974. 	She was collared with a self-attaching 
collar in August 1974 which remained attached for one 
month only. 	She proved impossible to mark again. 
Doe 8 was accompanied in the winter of 1974 by buck 
18 (kid buck). 	In the spring of 1975 buck 18 was 
evicted from his normal range, and thereafter doe 8 proved 
impossible to identify as an individual. 
Doe 9 was caught in 1975 and marked with a beta-light 
collar. 	She was seen in the spring of 1976 on newly 
planted moorland and by the summer of 1976 was confined 
entirely to the new planting on the moor. 	She was 
frequently seen in 1976 with marked buck 14. 
Doe 10 was caught in 1974 and collared. 	She was 
seen infrequently at the top of the wood in 1975 and 1976. 
Her kids in 1976 were caught and tagged. 
Doe 11 was also caught in 1974 and marked with a 
Darvic collar. 	Her range was also confined to the north 
of the wood. 	She was seen in all three years of the study. 
Doe 12 was seen infrequently in all .three years of the 
study. 	She was completely distinctive because she had 
small antlers in velvet. 	Antlering in roe does is 
uncommon, and doe 12 was the only deer in the forest to 
34. 
have such antlers. 	She was not seen with any kids in 
the three years of the study. 	She was probably present 
before the study began, because the rangers reported 
seeing an antlered doe in C8 in 1973. 
The mapping of deer ranges 
The study of the ranging behaviour of vertebrates 
has been complicated by problems. of terminology and 
methodology. 	Twenty years ago, it was common practice 
to refer to birds as occupying a territory and mammals 
as occupying a home range. 	This view arose largely 
because many bird species could be actively observed 
defending an area of ground, whereas mammals with their 
less conspicuous behaviour, generally could not. 	Burt's 
(1943) paper defined a home range as 'that area traversed 
by the individual in its normal activities', and defined 
a territory as a defended home range. 
In any study of the habitat requirements of an 
animal, it is necessary to describe the size, shape and 
boundary position of the range or territory as accurately 
as possible. 	In many studies, simple polygons are drawn 
to encompass all of the known locations of the animal. 
More elaborate methods include defining the 'centre of 
activityt for an animal, and then drawing a range map 
around this centre, which also includes most of the out- 
lying points. 	Mohr and Stumpf (1966) compared a number 
of different methods for measuring range size, and suggested 
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that an improvement on the simple convex polygon method 
would be to define the core of activity of an animal and 
then to map a median composite range around these points. 
This method recognises that many animal ranges are oblong 
rather than circular (or square) and they defined the 
composite range as the area covered by a pre-determined 
percentage of the points nearest to the centre of the 
core. 	Jennch and Turner (1969) further extended the 
ideas of Mohr and Stumpf and suggested a number of 
mathematical models to describe the capture radii of an 
individual animal. 	In another approach, Adams and Davis 
(1967) described three dimensional home ranges for ground 
squirrels, using clay models of range shape, and then 
defining tn-axial activity centres from these models. 
Most theoretical papers on range activity have discussed 
problems of measuring range size based on live trap data, 
and although in some cases the number of capture points 
may be very high, genuine biological information (other 
than a geographical position) is very low. 	Despite 
numerous papers suggesting alternative methods, most 
animal ranges are still presented as minimum polygons. 
Apart from the fact that minimum polygons introduce 
overlap between ranges which may be unrealistic biologically, 
they also ignore vital environmental features (such as road 
lines, valleys etc.) which the animal uses to define its 
boundary. 	Where good observational data exists, it is 
sensible to modify the minimum polygon to incorporate 
natural boundaries which the animal may be using as a limit 
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to range. 	Roe have been shown to have a marked tendency 
to use natural features as range limits (Cumming 1966, 
Bramley 1970a) and the deer at Clentress were no exception. 
Thus, I have presented some of the range maps for the 
deer at Glentress as adjusted minimum polygons, 
incorporating the sightings of the animal into a polygon, 
but modifying the edge where an environmental feature was 
clearly being used as a boundary. 	This method is 
subjective, and requires a personal assessment of the 
animal's behaviour, but it is to be preferred to the 
simpler minimum polygon method. 	A similar approach was 
adopted by Hosey (1974) at Chedington. 
The features most commonly used by roe at Glentress 
were road lines and compartment boundaries. 	Males always 
used these features for at leas t part of their territory, 
but females frequently appeared to have no easily 
definable edge to their range. 	In these cases, minimum 
polygons have been used, and in subsequent discussion of 
range size and habitat, it will be clearly indicated where 
this is the case. 
Deer ranges at Glentress 
The sizes of minimum polygon and adjusted minimum 
polygon (AMP) ranges are presented in Tables 3 and 4. 
The observations of males and females in 1974, 1975 and 
1976 are presented in Maps 2-8 on a reduced scale. 	For 
practical reasons, track movements are not presented on 
1974 
Minimum polygon 
Buck Territory Number of 
size observations 
1 15.8 25 
2 3.1 6 
3 16.2 23 
4 21.6 19 
5 2.0 19 
6 21.2 25 
7 8.3 14 
8 5.5 15 
9 5.0 7 
10 10.1 11 
11 11.8 25 
12 6.6 11 
13 2.3 7 
15 15.9 23 
16 14.0 11 











Table 3. 	Territory sizes for bucks at Glentress (1974-1976) 
1975 1976 
Minimum polygon Adjusted Minimum Minimum Polygon 
Polygon 	(AMP) 
Territory Number of Territory Number of Territory Number of 
size observations size 	observations size observations 
14.5 40 16.5 40 
25.1 48 24.9 	48 17.2 15 
10.4 19 
25.0 24 26.2 	24 10.2 8 
L.J 
5.5 15 12.0 	15 
20.4 57 19.6 57. 15.3 22 
26.3 47 19.4 	47 16.3 21 
22.5 26 
8.4 12 12.4 	12 
7.6 13 
11.9 28 9.3 	28 
19.8 17 27.7 17 





Mean Territory sizes: 	1974 M.P. excl. fringe 9"6 2,5,13,17) 	12.7 
1975 M.P.) 	 16.2 
1975 A.M.P.) 18.6 
1976 M.P.) 	 12.2 







Table 4. 	Home range sizes for does at Clentress 
(1974-1976). 
1974 	 1975 	 1976 
Minimum polygon 	Minimum polygon 	Minimum polygon 
Doe Range No. 	of Range No. 	of Range No. 	of 
size obser- size obser- size obser- 
vations vations vations 
1 16.14 20 
2 16.14 20 
3 12.67 15 11.06 18 9.94 17 
4 12.67 15 12.10 28 9.68 25 
5 9.33 11 12.06 53 6.45 21 
.6 15.24 20 13.0 22 10.1 20 
7 7.24 11 13.89 23 7.62 18 
8 11.34 8 5.92 8 
9 25.62 26 22.74 32 
10 3.66 7 3.58 9 9.98 15 
11 2.94 8 2.62 15 4.57 14 
12 9.95 16 5.47 8 2.06 8 
Note: all home range sizes are in hectares. 
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Map 2. 	Minimum polygon adult buck territories in 1974, 
including fringe bucks 2, 5 9 13 and 17. 




Map 2. 	Minimum polygon adult buck territories in 1974, 
(cont.) including fringe bucks 2, 5 , 13 and 17. 
(V = clumped locations, see text). 
41. 
Map 3. 	Minimum polygon adult buck territories in 1975. 
Intrusions of bucks 15 and 23 into vacant territory 
in April and May are shown as dotted lines. 
42. 
Map 4. 	Adjusted minimum polygon (AMP) adult buck 
territories for 1975. 	See text for details 
of adjustment. 
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Map 6. 	Minimum polygon home ranges for adult does 
in 1974. 
45. 
Map 7. 	Minimum polygon home ranges for does in 1975. 
Note movement of doe 9 out onto newly ploughed 
moorland. 
46. 
Map 8. 	Minimum polygon home ranges for adult 




Map 9. 	All sightings of buck I in 1975, (both point 
locations and track movements). 




Map 10. All sightings of buck 6 in 1975. 
49. 
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Map 11. All sightings of buck 3 in 1975, (both point 
locations and track movements). 
Dotted line is visibility limit from V. 
The adjusted minimum polygon boundary is not 
presented. 
- - -O-V. L. 
100 M. 
so. 
Map 12. 	All sightings of buck 15 in 1975. 	V.L. 










6 . 3 
SHIJIMEW 
Map 14. The movements of buck 5 from Feb. - June 1975. 
Note movements of buck 24 (shown as dotted line) 
after buck 5 was shot 0 on 18th June. 
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this scale of map, and deer locations are shown as point 
observations which correspond to the first observation of 
the animal. 	Since track movements have been used as the 
minimum polygon determinants, the boundaries presented on 
these maps will appear in place to exceed the observations. 
In order to illustrate the problems of accurately mappinq 
an animal's range using minimum polygons, large scale maps 
with track movements are presented for a deer which was 
seen in a restricted part of its assumed total range 
(Buck 1 in 1975), a deer which was seen infrequently over 
a wide area (Buck 6, 1975) and deer which were seen 
frequently over much of their assumed total range. 
(Buck 3, 1975, Buck 15,1975 and Doe 5, 1975). 	These maps 
are shown in Flaps 9-13. 
Calculation of range size and observer bias 
The relationship between territory size and the number 
of observations is generally considered to be asymptotic. 
All research on the range sizes of individuals in a 
population is a compromise between obtaining data from as 
many individuals as possible and obtaining enough 
observations of individual animals to ensure an accurate 
assessment of range size. 	The territory sizes for roe 
bucks in the population in 1974 appear in part to have been 
set by the number of observations since there is a 
significant relationship between range size and the number 
of observations, (r = 0.766, n = 16, p (0.001), although 
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exclusion of the four tfringel bucks from the data yields 
a relationship which is not significant, (r = 0.6122, 
n = 12). 
In 1975, a larger number of sightings were obtained 
of known individual bucks (320), and there is no relation-
ship between range size and number of observations (r = 
0.465, n.= ii). 	In 1976, less field time was spent 
observing bucks, the number of sighting obtained was 
proportionately lower (148) and the relationship between 
range size and number of observations is significant 
(r = 0.733, p<O.Ol, n = 10). 
These data suggest that in 1975 enough information was 
obtained on roe bucks to be able to overcome, in part, bias 
caused by low number of sightings. 	However, there is an 
element of observer bias, since in 1975, a deliberate 
effort was made to find deer on the edges of their 
territories in places where they were not easy to see. 
For instance, sightings of deer 3, 15 and 25 were made on 
the edges of their territories from high seats located in 
small clearings or areas of thicket where ground visibility 
was poor. 	For other individuals, this was not possible. 
Similarly, the doe home range data suggest that in 
1974 and 1976 the number of observations was an important 
component in determining the territory size (r = 0.8427 0 
p< 0.01 and r = 0.8590,,p< 0.001). 	In 1975, a larger 
number of sightings was obtained and the number of 
observations is not related to territory size. 
In 1975 a mean of 29 sightings per buck and 21 per 
doe were obtained, compared with 20 and 12.8 for 1974 and 
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15 and 17 for bucks and does in 1976. 	This suggests 
that, on average, it may be necessary to observe an 
animal more than twenty times in order to achieve an 
accurate estimate of its real range size. 
Behaviour of the bucks at Glentress 
Adult bucks at Glentress actively defended territories 
from March to August each year. 	Territorial aggression 
in roe deer is probably closely related to levels of 
testosterone, and since it is this hormone which is 
responsible for the shedding of velvet, antler cleaning 
by bucks in spring can be taken as an indication of 
increasing territorial aggression. 	However, Bramley 
(1970a) was unsuccessful in attempts to alter the levels 
of aggression in roe bucks by implanting testosterone in 
a territorial and a non-territorial buck. 	Timing, dosage 
and release rate are probably critical in experiments of 
this sort and aggression in a seasonally breeding animal 
like the roe buck is probably also related to a number of 
other agents. 	The established adult bucks at Glentress 
cleaned their antlers earlier than fringe bucks and non- 
territorial bucks in all three years of the study. 	The 
timing of velvet removal in adult bucks was very variable, 
with some bucks cleaning late in March and others almost 
a month later. 
A number of different behaviours have been described 
for territorial roe bucks. 	These behaviours can be 
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classified into two types. 
Direct aggression against potential competitors. 
This category includes fighting and chasing. 	Observations 
of fighting were rare, and in all cases the fight 
essentially involved a pushing contest with interlocked 
antlers. 	Chases by adult bucks were classified into long 
chases, in which another deer was chased for a distance of 
over 50 metres. 	These chases usually involved the 
ejection of a non-territorial intruder, and stopped when 
the territory boundary was reached. 	Short chases were 
classed as all chases which took less than 50 metres. 
These chases were sometimes directed against does, but were 
more normally seen against non-territorial bucks. 	The 
short chase frequently ended with the chased animal moving 
rapidly away from the adult buck. 
Indirect aggression by display. 	Roe bucks use 
a number of displays to defend territories. 	Fraying 
behaviour is the best known of these. 	In fraying, the 
animal vigorously rubs his antlers against the stem or 
branches of young trees, frequently removing the bark and 
leaving a white mark on the tree. 	Normally described as 
a behaviour on young trees, the bucks at Clentress were 
observed fraying a wide variety of objects, including young 
trees, low branches of mature trees, brash left on the 
ground by wood cutters and thick clumps of Juncus sp. 
Barking by roe deer occurred throughout the year. 	In 
the winter, roe could be provoked into barking by disturbance, 
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and this behaviour was normally seen in adult does and 
bucks, rather than juveniles. 	However, in the summer in 
addition to disturbance barking, roe bucks could be seen 
barking at each other when they were totally undisturbed. 
Cumming (1966) observed barking by roe bucks and suggested 
that the call was a threat display. 	Bark calls were 
commonest late in the evening and very early in the 
morning. 
Scraping by roe deer occurred throughout the year. 
In'the late winter and early spring, scraping was 
associated with digging of fern roots for food. 	However, 
in the summer months, territorial scraping by roe bucks 
was observed throughout the wood, and there is no evidence 
to suggest that food digging took place at this time of the 
year. 
Scent marking is difficult to distinguish from other 
displays. 	For instance, scent glands are carried on the 
feet so that scraping by roe bucks will probably deposit 
scent from the interdigital glands and this may have a 
function in territorial maintainance. 	Similarly, roe may 
deposit scent from a number of other glands in a way which 
is not easily observed. 	However, in the case of one 
behaviour, deposition of scent clearly takes place, and 
this behaviour has been called head marking. 	Here, the 
roe buck gently rubs the anteorbital glands on the side of 
the head against an object, frequently pausing to smell the 
area rubbed, before continuing. 	There is a clear 
difference between head marking and Fraying, because in 
head marking the movements are gentle and the antlers are 
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Table 5. 	The total number of observations of 6 
territorial displays for territorial roe 
bucks at Glentress for the period 1974-1976 
Month 
Behaviour Mar. Apr. May June July Total 
Long chase 3 2 9 7 8 29 
Short chase 12 19 29 11 17 88 
Scrape 4 12 17 11 12 56 
Fray 8 69 182 90 42 391 
Head mark 9 118 129 86 68 410 
Bark call 0 5 7 8 14 34 
The frequency of chasing behaviour of adult 
bucks against other deer 
x adult 	x adult x juvenile x juvenile x 2+ deer 
bucks does bucks does 
Long chases 2 0 23 2 7 	34 
Short chases 6 18 36 19 9 	88 
Total 8 18 59 21 16 	10 
Note: Because of confusion with rutting chases in July, 
no chases of bucks x does are recorded for that month 
in this table. 
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held well away from the area rubbed. 	The total number 
of observations of these 6 behaviours is presented in 
Table 5. 	It can be seen that the commonest is head 
marking, followed by fraying, scraping and short chasing. 
The incidence of all 6 behaviours is low in March, and 
with the exception of the comparatively rare category of 
long chases, rises in April and flay. 	Out of the total 
of 106 observations of chasing by territorial roe bucks 
in.Glentress, only 8 chases were directed against other 
adult territorial bucks. 	Of the remaining 98 chases 56 
were directed against young non-territorial bucks. 	These 
data are presented in detail in Table 5. 
Not one instance of long chasing against an adult doe 
was observed and most of the long chasing was directed 
against one year old bucks. 	The incidence of short chases 
against adult and one year old does is high, when compared 
with the long chases, but in these cases, the short chases 
usually resulted in the doe moving a few metres away and 
continuing to feed. 
The behaviour of roe bucks in relation to territory edge 
The behaviour and movement of roe bucks in relation to 
territory edge is not easy to quantify. 	The edges of 
territories are frequently difficult to assess unless an 
environmental feature is being used as a boundary. 	In 
addition, the shape of territories vary considerably, with 
part of the boundary of a territory lying close to the 
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centre in long elliptical territories, and distant in 
square or circular territories. 	The area of ground 
available to an animal increases towards the edge of the 
territory approximately with the square of the distance 
from the centre; thus it is essential to relate movements 
and behaviour to the area available. 	Two hypotheses 
need to be tested. 	First, does the frequency of 
territorial activity increase towards the territory 
boundary, and secondly is the distribution of sightings 
of roe bucks within a range related to territory boundary? 
Since the frequency of observations of some roe bucks 
is very low,, the analysis has been confined to those four 
deer who were seen most often in 1975; (Bucks 1, 3, 13 and 
15). 	The total number of observations of some territorial 
behaviours by these four deer is too low to justify 
reasonable analysis, and the analysis has been confined to 
fraying and scent marking only. 
Each territory was divided into a series of 50 m. 
bands from the edge of the territory to the centre. 	The 
lines defining these were drawn parallel to the territory 
edges and as a consequence were not circular. 	The surface 
area within each 50 m. band was calculated with an area 
grid overlay, and the total number of observations of deer 
within each band (n) recorded. 	The frequency of 
observations per unit area is obtained by dividing n by the 
area to obtain n/ha. 
The total number of observations of fraying and scent 
marking in each 50 metre band was converted in similar 
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Table 6. 	Buck I : The number of observations, 
fraying and scent marking 
Band (in metres) 
0-50 50-100 100-150 150-200 Totals 
Area in 6.74 4.21 2.54 1.02 14.51 
band 	(ha) 
No. 	of 17 12 11 0 40 
observations 
of deer 
No. 	of 2.52 2.85 4.33 - 
observations! 
ha. 
No. 	of 43 12 4 0 59 
observations 
of fraying 
No. of frays 6.37 2.85 0.64 0 
per ha. 
No. 	of 10 8 7 4 29 
observations 
of scent-marking 
No. 	of scent- 1.48 1.90 2.75 3.92 
marks per ha. 
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Table 7. 	Buck 3 : The number of observations, 
fraying and scent marking 
Band (in metres) 
0-50 50-100 100-150 150-200 Totals 
Area in 10.36 8.02 5.67 1.06 25.11 
band 	(ha) 
No. 	of 15 23 7 3 48 
observations 
of deer 
No. 	of 1.44 2.86 1.23 2.83 
observations/ 
ha. 
No. 	of 47 17 8 0 72 
observations 
of fraying 
No. 	of frays 4.53 2.11 1.41 0 
per ha. 
No. 	of 1 9 7 2 19 
observations 
of scent-marking 
No. of scent- 0.09 1.12 1.23 1.88 
marks per ha. 
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Table B. 	Buck 13 : The number of observations, 


















marks per ha. 
Band (in metres) 
	
0-50 	50-100 	100-150 150-200 	Totals 
8.63 	6.27 	4.38 	1.12 	20.39 
12 	25 	13 	7 	57 
1.39 	3.98 	2.96 	6.25 
19 12 10 5 	46 
2.20 1.91 2.28 4.46 
12 14 3 11 	40 
1.39 2.23 0.68 9.82 
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Table 9, 	Buck 15 : The number of observations, 


















marks per ha. 
Band (in metres) 
0-50 	50-100 	100-150 150-200 	Totals 
11.51 	8.90 	5.24 	0.65 	26.30 
11 	17 	18 	1 	47 
0.95 1.91 3.43 1.53 
39 14 8 3 	64 
3.38 1.57 1.52 4.61 
15 12 4 0 	31 
1.30 	1.34 	0.76 	0 
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Table 10. X 2 result for number of observations of deer 
0-50 x inside area 
Buck I 	 ns 
Buck 3 	 ns 
Buck 13 	 0.001 -ye 
Buck 15 	 0.01 -ye 





Table II, X 2 result for observations of fraying by deer 
0-50 x inside area 
Buck I 	 0.001 	+ve 
Buck 3 	 0.001 +ve 
Buck 13 	 ns 
Buck 15 	 0.01 	+ve 





Table 12. X 2 results for observations of scent marking deer 
0.50 x inside area 0-100 x inside area 
Buck I 	 ns 
	 ns 
Buck 3 	 0.01 -ye 	 ns 
Buck 13 	 ns 	 ns 
Buck 15 	 ns 	 ns 
Note: -ye indicates that the event occurred less frequently 
than expected at the boundary 
+ve indicates that the event occurred more frequently 
than expected at the boundary 
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fashion by dividing by the area available within each band. 
Tables 6-9 show the relationship between fraying behaviour, 
scent marking and the number of observations for these four 
deer. 	The analysis has been confined to minimum polygon 
territories because adjusted minimum polygons tend to 
increase the boundary beyond the points of observation. 
Despite variations in the size of the territories, each 
contained four 50 m. bands (0-50, 50-100, 100-150 and 150-
200). 	The number of observations in each band was 
assessed by counting all first contact points in the area 
under consideration. 	This overcomes difficulties of 
using minimum polygons based on point observations, 
because the outer points used to calculate a minimum polygon 
are automatically included in the outer band, and the data 
are consequently distorted. 	The minimum polygons 
considered here are based on track movements and some of 
the observations used to calculate territory edge are 
derived from track movements which originated in the 
territory centre. 
discrete fraying or scent marking event is classed 
as all behaviour which occurred within one body length of 
the animal. 	Thus, if an animal frayed a tree, moved a 
body length away from the tree and then returned to the 
tree again to fray, two events were recorded. 	No measure 
of intensity was recorded. 	Tables 10-12 show the results 
of X 2 analysis of the data presented in Tables 6-9 
The number of observations of deer, number of fraying 
events and number of scent marking events have been 
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compared for the 0-50 and 0-100 circumferences with the 
expected values that would have been obtained if the deer 
used all areas of their territories in a similar way. 
Bucks 13 and 15 show a significantly lower number of 
observations in the 0-50 m. band than expected, whereas 
bucks 1 and 3 show no such deviation. 	Buck 1 was 
observed least frequently of the four deer, and most of 
the observations of buck 3 were restricted to the valley 
that ran through his territory. 
4 potential bias arises in the interpretation of 
these data if the animals are easier (or harder) to see at 
the edge of their territories. 	The results presented in 
Table 12 suggest that this is not the case. 	Bucks 1, 3 
and 15 all showed a significant increase in territorial 
fraying in the outer 0-50 metre band. 	Roe bucks are 
incautious and conspicuous when they are fraying trees, 
and this would tend to increase rather than decrease the 
number of observations at the edge. 
Buck 13 did not show any significant increase in 
fraying at the territory boundary. 	However, most of the 
observations of this animal were in an open valley which 
had been cleared of windblou. 	This contrasts with bucks 
1, 3 and 15, all of whom had access to young trees and 
other suitable fraying sites. 
On the basis of the evidence presented, it is likely 
that roe bucks avoid territory boundaries, but when they 
approach a boundary, a change in fraying behaviour occurs. 
This is not to suggest that roe bucks do not scent mark 
with respect to territory edge, because observations of 
bucks 13 and 15 in the 0-50 m. band were significantly 
lower than expected, but the scent marking behaviour of 
these two animals did not differ significantly from 
expectation. 	Furthermore, scent marking by buck 3 in 
the 50-100 m. band is perhaps distorted by eight 
observations of scent marking being made at the same time. 
In order to test whether fraying behaviour by 
territorial animals was stimulated by the presence of 
neighbouring deer who also had territories, highly favoured 
fraying stocks were planted across two territories in May 
and June 1976. 	These stocks (willow wands planted in 
groups of 10) were located at territory boundaries with 
the neighbour, and also on moorland boundaries where no 
territorial animals were thought to be present. 	The 
results are presented in Table 13, and it can be seen 
that fraying on these stocks occurred on the moorland 
edge as well as on the edge with the neighbouring male. 
Fraying behaviour is conspicuous, and has received 
some attention in the literature. 	Tegner's suggestion 
(Tegner 1951) that roe bucks fray 	to remove velvet is 
an inadequate explanation, since fraying activity reaches 
a maximum long after velvet has been removed. 	Prior 
(1968) suggested that fraying serves as a warning to 
potential competitors. 	This is a reasonable suggestion, 
since freshly frayed trees are conspicuous and could 
immediately inform any competitor that the area was already 
occupied. 	North (1976, quoted in Loudon 1978) examined 
conifers which had been frayed in seven territories in the 
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Table 13. 	Fraying damage on artificial stocks in 

















Number of wands 
Number frayed 
Number of wands 
Number frayed 
Number of wands 
frayed (Total) 
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study area in 1976, and found that the number of trees 
damaged and the intensity of this damage increased as one 
approached the edge of the territory. 
An increase in fraying behaviour at territory boundaries 
could be described as a form of marking behaviour, which 
serves to warn potential competitors, and the work of North 
supports the observational data on fraying activity. 
There is however no evidence that fraying per se has a 
deterrent effect on other roe bucks. 	A large number of 
authors have suggested that territory holders in general 
avoid boundary conflicts (Hinde 1952, Brown 1969, Wynne-
Edwards 1962), and by so doing they would be likely to 
increase their own survival chances. This type of argument 
could be extended to suggest that roe buck fraying activity 
at territory boundaries is a form of re-directed aggression 
or displacement activity (Tinbergen 1959) and is the result 
of a conflict situation rather than a direct warning to 
potential competitors. 
The fact that scent marking by these four deer did 
not correlate with territory edge or with fraying activity 
suggests that it may serve some other function. 	Some 
authors suggest that scent marking occurs more frequently 
at the edges of territories than in the centre. 	However, 
scent marking at territory edges by many animals frequently 
involves deposition of dung heaps, and the resulting visual 
cues may be just as important. 
Mykytowycz (1968) suggested that scent marking by 
rabbits saturated an area with smell and Ilykytowycz and 
Gambale (1969) showed that dung marking points are found as 
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much within a territory as around it, although they did 
find that they are more frequent in the direction of the 
neighbouring colony. 	In a short review of scent marking 
by mammals, Rails (1971) concluded that mammals frequently 
mark in any situation in which they are dominant to or 
intolerant of other members of the same species, and that 
frequent vigorous marking occurs at times when there is 
reason to infer that an animal is motivated by aggression. 
None of the other four behaviours recorded in Table 
5 were frequent enough for an analysis with respect to the 
territory edges of individual deer. 	It is unlikely that 
the bark call bears any relation to territory edge. 
Barking by roe bucks was frequently provoked by a 
neighbour barking, and some evenings it was possible to 
hear two or three roe bucks barking at each other. 	The 
bark is loud and can be heard for hundreds of metres, and 
such a behaviour would not need to occur at boundaries. 
Of the 56 observations of territorial roe bucks scraping 
in 1975 and 1976, fraying occu'ed on 41 occasions. 
Fights were very rare in Glentress. 	In the three year 
study, seven fights were observed, six of which occurred on 
the territory boundary. 	The other fight between buck 22 
and buck 15 may have resulted in the death of buck 22. 
All of the other fights were essentially little more than 
pushing contests with interlocked antlers. 
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Visibility and territory defence by roe bucks 
The territory maps for bucks 3 and 15 show a large 
concentration of observations in restricted areas of the 
territory. 	These sightings were usually made in the day 
when the animal was lying down and cudding. 	In 1975, 10 
observations were made of buck 3 lying down in a small 
clearing on the valley slope, with a further 5 track 
movements being recorded in the immediate vicinity. 	A 
concentration of observations of roe bucks in small areas 
is a common phenomenon, and much of the data on individual 
deer locations in a territory are clumped. 	In all, 9 
territories over three years had clumped observations of 
four or more sightings of deer in the same location. 
These sites seem usually to be in areas of high visibility, 
and the visibility limits from these sites for bucks 3 and 
15 are shown in Maps 11 and 12. 
In order to test whether these sightings were in 
areas of high visibility, ten points were selected within 
each of the nine territories and the distance visible 
through 360 degrees was sketched on .a 1:5280 map. 	The 
ten points for each territory were selected as follows. 
The geographical centre of the minimum polygon territory 
was determined, and ten equally spaced 36 degree radii 
drawn out to the edge of the territory. 	At the boundary 
intercept, a sweeping second hand was used to determine 
the direction to be walked back into the territory, the 
distance in metres being set by random number tables in 
groups of three. 	All points located outside the minimum 
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polygon territory or within thick cover (as defined as 
habitat types 4 and 5 in Chapter 4) were rejected, and 
for every territory several trials needed to be 
performed in order to provide ten locations. 	The results 
are presented in Table 14. 
It can be seen that the areas visible to roe bucks 
from clumped observation sites are generally larger than 
the area visible from random locations within the 
territory. 	A paired 't' test for the values obtained 
from observations of deer with the mean value for random 
locations shows that this difference is highly significant. 
(t = 4.94, p < 0.001) 	These high visibility areas within 
territories may be crucial to the defence behaviour of 
roe bucks, and much territorial defence in the summer may 
rely on the animal covering as much of the territory as 
possible by sight, although later in the summer, with the 
extensive growth of vegetation, these sites may not be so 
important to the animal. 
On several occasions, roe bucks were observed leaving 
areas of high visibility and moving towards a deer which 
had entered their territory. 	Thus, on July 29, 1975, buck 
1 was seen chasing a doe well into the centre of buck 3's 
territory. 	'...... I heard a bark, and saw buck 3 running 
from his resting site down into the valley...... He chased 
buck 1 hard up the valley, and they stopped near the top, 
about 10 metres below the road and in the centre. 	They 
then went through a 'side facing' display fraying and 
scraping hard. 	After a minute of this, they stopped, had 
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Table 15. 	The frequency or the chasing behaviour 
of adult does against other deer 
Mar. Apr. May June July Aug. Sept. 	Totals 
x adult doe 0 3 14 12 8 1 0 38 
x adult buck 0 0 0 1 0 0 0 1 
x juvenile doe 0 2 12 47 10 8 0 69 
x juvenile buck 0 5 0 1 2 1 0 9 
x two or more deer 0 1 0 3 4 2 0 10 
Totals 0 10 26 61 20 10 0 127 
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a small head-butt fight, neither buck giving ground. 
Eventually, buck 3 broke off the engagement and started 
moving back down into the valley. 	Buck 1 followed slowly 
for a few metres, and then fed for 10 minutes on Epiobium, 
before moving slowly uphill over the road and away from 
buck 1. 	Within 10 minutes, buck 3 was back on his 
resting site on the side of the valley.' 
The behaviour of adult does 
Adult does do not have an easily identifiable 
repertoire of behaviours which can be associated with 
territorial activity. 	Females may scent mark, although 
it is extremely difficult to detect. 	The commonest type 
of aggression by does is the chasing of other deer. 
Chasing by does is common in the months of May and June, 
and Bramley (1970a) suggested that aggression by does 
around kidding time may result in the emigration of young 
does. 	The incidence of chasing by adult does is shown in 
Table 15. 	The typical short chase display of the roe buck 
is not usually seen in females, and the data in Table 15 
are all chases of over ten metres. 
It can be seen that most of the chases occur in May 
and June, and this substantiates the observations of 
Bramley at Chedington. 	Only one chase out of a total of 
121 chases was against an adult buck (buck 5), and of the 
remaining 126 chases, 79 were directed against juvenile 
does. 	When Table 5 is compared with Table 15, it can be 
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seen that most of the chasing behaviour by bucks is 
directed against young males, and most of the chasing 
behaviour by females against young females, although, 
both sexes were observed chasing deer of the opposite sex. 
The rut at Clentress occurred in the last week of July 
and the first two weeks of August in 1974 and 1975. 
During the rut, roe bucks could be seen chasing females 
considerable distances, and it is likely that the doe 
chase described in the previous section was just such a 
rutting chase. 	Because of problems of interpretation of 
rutting chases and chases associated with the maintainance 
of territory, all chases against females in July were 
omitted from the data in Table S. 
Discussion 
A great deal is known about certain aspects of the 
territorial system of roe deer. 	Since it was not the 
intention of this study to examine in detail the behaviour 
of another territorial population, only the main details of 
the territorial system at Clentress will be discussed. 
Territories of adult roe bucks appeared to be 
remarkably stable from year to year. 	Where an adult male 
was marked or recognisable, no sightings were made of the 
animal in winter outuith its summer range. 	The doe ranges 
were similar in size to the buck territories, and they 
showed considerable overlap with each other and with adult 
buck territories in all three years of the study. 	Females 
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in general were harder to catch mark and observe, and the 
quality of the data on doe ranges was correspondingly 
poorer. 	At Glentress, the number of adult females out- 
numbered adult males by approximately 2:1, and the data 
presented on maps 6-8 are only representative of a small 
portion of the total doe population. 	Bramley (1970a) 
relied to a considerable extent in the early part of his 
study on data from unmarked does. 	I felt however that it 
was essential to be absolutely certain about the identity 
of a deer for range mapping purposes and consequently the 
data presentedare confined to those does the identity of 
whom was not in doubt. 
There are marked similarities between the Glentress 
population and the Chedington population, the principal 
features being:- 
Stable numbers of adult deer in each year of the 
study. 
Seasonal aggression and loss of young. 
Non-overlapping territories for males. 
Overlapping ranges for females, both with other 
females and with males. 
Indeed, a comparison of these two British populations 
with Danish, (Strandgaard 1972a) and Stuis$ , (Kurt 1968) 
populations suggests that the type of territorial system 
so well described by Bramley (1970a) may be a feature of 
most woodland populations of roe deer. 	However, on the 
continent it is common to find areas where roe deer appear 
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not to be confined by territorial behaviour, and field 
types of roe have been described for most European 
countries (Kaluzinski 	1974). 
Bramley considered that territoriality was limiting 
breeding density in the males at Chedington, and that non-
territorial animals were unable to breed because of the 
behaviour of the territorial animals. 
At Glentress, young non-territorial deer generally 
had very large home ranges, but a few males appeared to 
be confined to very small located on the 
edges of adult buck territories. 	While these animals are 
subjected to considerable aggression, they can on occasion 
expand their home ranges to become territory holders in 
their own right, (eg. buck 13). 	The loss of a territorial 
buck 7 in the autumn of 1974 resulted in a temporary free 
space in that part of the wood, with no new territory 
holder appearing until the following summer. 	Expansion of 
three adjacentbucks into buck 7's vacant territory 
suggests that vacant adult buck territories can be 
absorbed into neighbouring territories. 	The subsequent 
similarity of the incoming buck 20 and buck 7's territories 
suggested that in this case the neighbouring animals 
retreated to approximately the old territory boundaries 
of the previous year. 	The alternative explanation that 
the new resident 'knew' where the boundaries were located 
is implausible. 
Aggression by females against other deer is reported 
for Chedington by Bramley, and numerous chases of young 
HM 
does by adult females were seen at Glentress. 	Although 
the young of both sexes emigrate, it is impossible to say 
whether the females are physically evicted in the same way 
as young bucks are evicted in the spring. Adult does do 
not have the same repertoire of aggressive behaviours that 
roe bucks possess and the total incidence of aggression by 
does is generally much lower. In peculiar circumstances, 
does can be very aggressive. 	For instance, Espmark (1974) 
reports that roe deer congregate in groups around winter 
feeding stations frequently fight and in these instances, 
a large number of chases and butts can be attributed to 
females. 
The summer movements of adult roe bucks suggest that 
territorial defence is largely by mutual avoidance of 
boundaries rather than boundary patrolling, and that 
sight and scent may play an important part in territory 
maintainance. 
The essential difference between the Chedington 
population and the Glentress population is that the 
Scottish population defended territories (or in the case 
of females, occupied home ranges) which were over twice 
the size of territories reported for Chedington. 	The 
larger territory sizes for the Glentress roe are not 
simply a consequence of different observational methods, 
because where territories were adjusted to fill out areas 
where deer were not seen, they remained considerably larger 
than roe buck territories adjusted in a similar manner by 
Hosey (1974) at Chedington. 
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Since breeding density in roe deer is controlled 
by the number of home ranges and territories in a 
population, those factors which are responsible for 
regulating territory size must also be responsible for 
regulating population density. 	In the following two 
chapters, the influence of habitat on roe deer territories 
is discussed. 	In the penultimate chapter, reference will 
be made to the long term data on the behaviour and dispersion 
of roe at Chedington. 
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CHAPTER 3 
The food of roe at Glentress 
Introduction 
An examination of the habitat requirements of the roe 
deer is an essential prerequisite to an understanding of the 
animal's ecology. 	An animal which is crepuscular and shy 
may well have requirements which extend beyond the need to 
obtain an adequate food supply. 	Thus roe deer may require 
in addition to food, cover and shelter in which to feed, 
escape or rest. 	The interspersion of these components of 
habitat may also be important. 
Essentially, habitat studies have to overcome two 
difficulties. 	First, it is necessary to describe the 
habitat requirements of an animal in terms of its normal 
everyday activities, based on direct observation of the 
animal, or on indirect techniques such as pellet group 
counts, telemetry or data derived from individuals sampled 
from the population. 	Secondly, it is necessary to find a 
way of measuring the habitat components which are important 
for a species. 	Thus, knowledge of the feeding behaviour of 
a deer may enable deductions to be made concerning its food 
requirements, and these can then be defined and measured. 
Difficulties are experienced with browsing animals because 
food is normally intimately related to cover and shelter, 
and simple tests are not available to separate these 
components and determine their significance. 	In addition, 
the interspersion of these elements is crucial, and decisions 
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need to be made on the appropriate 'grain size' to be 
measured. 	Furthermore, since these elements of habitat 
interact, it is often better to study all of them fairly 
superficially than to study one in detail and neglect all 
the others. 
In many habitat studies, detailed measurements are 
made of a limited number of components (such as food 
quantity) and other factors such as cover may be only 
incidentally investigated. 	Thus Hosey (1974) examined 
in detail the quantity of several key deciduous browse 
species in roe buck territories at Chedington. 	Quality 
was not measured beyond ranking the species according to 
frequency of occurrence in the diet compared with their 
frequency in the wood. 
Although many studies are limited to an examination of 
one (or a few) components of an animal's habitat, it is 
clearly of importance to consider in detail the food supply 
of roe and the influence that this may have on their 
dispersion. 	In this chapter, the food of roe at Clentress 
will be discussed in relation to territory/home range size; 
in the following chapter, the influence of habitat type will 
be considered in relation to range size and behaviour. 
Food studies have been undertaken by a number of 
authors using several different methods: field studies in 
which free living animals are observed directly (Sablina 
1955),observations of tracks in snow or on tame animals 
(Dzieciolowski 1970a), and laboratory studies using rumen 
analysis (Sidua et al. 1969, Dzieciolowski 1970b, Hosey 
1974) or faecal analysis (Klein 1962, Hosey 1974). 
84. 
Studies of wild ungulates are usually limited by an 
absence of detailed knowledge of the precise requirements 
of the animal and most research on the food of deer has 
concentrated on relatively simple measures of food value 
(eq. Ca/P ratios) or descriptions of diet based on the 
identification of plant fragments. 
Extensive lists of the foods selected by deer have 
been published, and for roe deer information is available 
from British forests (Hosey 1976, Henry 1974) and 
continental (Polish) forests (Borowski and Kossak 1976, 
Bobek et al 1972 and Sidue et al. 1969). 	Hosey (1974) 
and Henry (1976) ranked individual species in order of 
preference based on an analysis of the diet of roe and 
the availability of these species in their study areas. 
However, Kossak (1976) suggested that food for roe and red 
deer should not be considered in terms of single species 
which have been ranked in order of importance, but as whole 
groups of species or blocks, the composition of which may 
vary. 	In particular, she warns that considerable caution 
is necessary in determining single species preferences, 
since these depend upon the order in which species are 
taken, the presence of other species in the area and also 
upon season. 
Although seasonal variations in the selection of a 
particular species are usually taken to be a reflection of 
changes in nutritive status of the vegetation (and such 
selection has been described for deer (Klein 1970) and for 
sheep and cattle (Bedell 1971)), the choice of food by roe 
deer may not always reflect these differences. 	For 
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instance, .Juon (1963) suggested that the structural 
component of food in providing roughage for efficient 
rumen action is as important as nutrition. 
In general, the detailed work by Polish workers 
(op. cit.) has shown that in a mixed conifer forest 
habitat, browse is the most important component of the 
diet and this is largely supported by similar research 
in Britain. 	For instance, Hosey (1974) found that a 
large proportion of the diet of roe could be described 
in terms of a few key browse species, with Rubus sp. 
comprising over 50% of the diet of roe at Chedington 
over the winter. 	Hosey also analysed some stomachs of 
deer shot in Scottish forests in the winter and found 
that browse was important,, the principal species being 
Calluna, Picea abies, Vaccinium and Corylus. 	More 
detailed work by Henry (1975) at Hamsterly, Durhum, adds 
weight to Hoseyts description of the food of Scottish roe 
and these studies have revealed marked similarities in the 
diet of roe deer in northern conifer woodlands in Britain. 
The high proportion of browse in the diet of roe 
supports the theory developed by Bell (1969) and Jarman 
(197-3) that ungulates of small body weight are compelled 
by reason of their high metabolic rates to feed 
selectively on browse species which generally have higher 
energy levels than grasses. 	However, although there is 
evidence to suggest that browse species are generally--
higher in energy than graze species, it is of interest 
to note that Calluna, the principal food species for roe 
in Argyll and Hamsterly, is low in energy and high in fibre 
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(Moss and Parkinson 1972). 	Furthermore, grazing animals 
can also feed selectively within grass swards, and such 
feeding is frequently very effective in increasing the 
value of food ingested; 	(eg. Coke's hartebeest, Stanley 
Price 1978). 	Indeed, the work of Robertson (1967) and 
Henry (1974) showed that one particular grass (Holcus sp.) 
was of considerable importance to roe in the late winter 
and earlyspring, although selection for this grass is 
probably due to the fact that it is one of the few common 
winter green grass species in conifer woodlands. 
In determining the diet of wild deer, it is valuable 
to use as many techniques as possible, and a number of 
methods have been employed in the context of woodland deer 
research. 	Dzieciolowski (1967a) set up exclosure plots 
to measure the relative use of a number of plant species 
by deer. 	Henry (1975) also used this technique at 
Hamsterly forest, although unlike Dzieciolowski he was 
unable to detect browsing by roe. 	Indeed, Henry 
suggested that exclosure plots are an inappropriate method 
for studying food selection by roe unless deer density and 
browsing pressure are high. 	At Glentress the diversity 
of the habitat is very high and for these reasons I felt 
that exclosure plots would be unlikely to yield good 
information on food selection by roe. 
Many authors have relied heavily on stomach analysis 
for information on roe diets. 	Stomach analysis is 
probably the most useful way of assessing the diet of wild 
deer since much of the food is in a pre-.digested state and 
plant fragments are very easy to identify. 	However, 
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Glentress is unlike other forests in the area, and it 
would have been unwise to rely on data derived from deer 
shot in forests outuith the study area, as did Hosey at 
Chedington. 	Many of the tree species in Glentress are 
uncommon in other forests, and structurally, much of 
Glentress is unique. 
Faecal analysis can be unreliable. 	Stewart (1967) 
showed that plants which were readily digested had 
proportionately fewer fragments present than those which 
were indigestible. 	Furthermore, the digestibility of 
some species can change through the year, and results 
from faecal analysis may be distorted. 	Despite these 
objections, faecal analysis does have the advantage of 
being an objective method which permits comparison of the 
roe at Glentress with results from similar studies in 
other forest types. 	However, a major constraint on 
faecal analysis is that it is very time consuming, since 
a series of reference slides or photomicrographs need to 
be prepared for each species (Zyznar and Urness 1969). 
Direct observations have been used to study feeding 
behaviour by roe. 	For instance, Robertson (1967) used 
the minute feeding method in Cademuir forest, Peebles-
shire, and his data on food selection by roe are very 
similar to the results obtained from Henry's detailed 
study using faecal analysis : clearly direct observations 
can be inaccurate since roe are normally only visible in 
open habitat forest types. 
For these reasons, the following approach was 
adopted: 
Make detailed records of feeding behaviour by 
roe using direct observations. 	Identify the key species 
selected by roe. 
Use faecal analysis to determine the frequency 
of selection of these key species at Glentress. 
Rank these species in order of importance and 
measure their abundance in buck territories and doe home 
ranges. 
Identification of key Food species by observation of deer 
Records of feeding 
Feeding records were made of undisturbed deer through-
out the forest from October 1975 to May 1976. 	The method 
used was to modify a pocket tape recorder so that events 
could be recorded onto the tape. 	Five frequency 
oscillators were built into a box, and powered with a 
battery. 	Each oscillator had a small push button switch. 
The event recorder was plugged into the back of a Phillips 
tape recorder, the internal circuitry of which had been 
modified to take the new input. 	When contact was made 
with a deer, the location, group size and if possible the 
individual was recorded on the tape. 	Every thirty 
seconds of feeding were recorded, and a verbal record was 
made of a) whether the deer was feeding and b) what species 
it was taking. 	Roe typically feed by taking a bite or two, 
looking up, perhaps moving on a few paces and then feeding 
again. 	Thus, any feeding activity within the previous half 
MM 
minute was scored as a feeding bout, whether or not the 
deer was feeding at the time of recording. 	Plants eaten 
were grouped into grass and grass-like plants, conifers, 
deciduous trees, shrubs, ferns and herbs. 	Each of these 
groups was allocated a frequency or combination of 
frequencies and every thirty seconds an appropriate button 
was pushed to record feeding. 	Changes in species 
selection were recorded verbally. 
This form of recording was very tiring to use in the 
field, and periods of observation needed to be broken. 
Thus, every 15 minutes, a 5 minute break was taken before 
continuing with the feeding record. 	Initially, attempts 
were made to locate deer during the day. However, roe 
were very difficult to find in the day due to forestry 
activity, and all records were confined to the evening, 
night and early morning periods. 
Plant species differ in the ease with which they can 
be identified through binoculars in the field. 	Deciduous 
trees, conifers and ferns were normally easy to see and 
record accurately. 	The Calluna - 'Jaccinium feeding 
records were much harder to interpret because these species 
frequently grew in close association with one another, and 
where differentiation was not possible, an equal weighting 
was given to each species. 
Grasses presented the greatest difficulty, and it was 
frequently impossible to be sure which species a deer was 	-. 	 - 
selecting. 	Holcus sp. was generally distinctive and 
formed extensive swards under parts of the mature forest. 
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Deschampsia flexuosa and Agrostis sp. are probably under-
represented since the only way of ensuring which of them 
the animal had been feeding upon was to move to the exact 
spot after it had left. 	Other grasses which were 
present in the study area but not recorded were Anthoxanthum 
odoratum, Eriophorum vaginatum and Poa sp. 	In addition, 
a number of small plants such as Galium saxatile and 
Oxalis acetosella were present throughout the study area, 
but were not recorded in feeding observations. 
Larches were not classified to the species level, 
since European larch (Larix decidua), Japanese larch 
(Larix leptolepis) and intermediate hybrids were present 
throughout the study area. 	Also, no attempt was made to 
distinguish between Oryopteris filix-mas and Dryopteris 
dilatata. 
Henry (1975) ranked 13 grass and grass-like species 
and examined their importance in the diet of roe by 
comparing their frequency of occurrence from faecal 
analysis with their availability. 	His conclusion that 
grasses in general are not highly preferred by roe is 
supported by the work at Chedington and also by the 
preliminary work on the winter diet of Scottish roe by 
Hosey. 	It is therefore very unlikely that key species 
will be missed by failing to account for grasses which 
were present in the study area and were selected for 
- 	strongly by roe, but were not recorded in feeding 
observations. 	Grasses are the hardest group to identify 
using faecal analysis, and the extra time required to 
prepare mounts and record all grass species would have been 
Table 16. The number - of minutes which roe were observed feeding on different plant species 
from Oct. 1975 - May 1976 
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May 
O 0 7.5 3.5 0 5.5 9.5 28.0 
O 0 	- 0 0 0 3,5 0 9.5 Deciduous 
8.0 0 0 0 19.5 5.5 0 6.0 trees 
1.5 0 4.5 4.0 10.5 0 0 21.5 
O 2.0 7.5 7.5 20.0 16.0 25.5 13.0 
15.5 21.5 42.5 40.0 52.0 50.0 50.0 65.0 
4.0 2.5 3.0 9.5 0 13.5 12.5 2.0 
8.0 11.0 37.0 21.5 31.5 17.0 47.5 40.5 Conifers 
4.5 8.0 13.0 1•0 0 7.5 4.0 7.5 
0 0 0 7.0 0 2.0 0 5.5 
o o 0 6.0 2.5 0 0 2.0 
17.5 2.0 40.0 33.0 47.5 12.0 23.5 50.0 
0 0 5.5 4.0 0 0 0 0 Shrubs 
17.5 15.5 18.5 31.5 19.0 0 23.5 50.0 
O 0 0 9.0* 0 20.0 17.0 2.5 
16.5 40.5 84.0 132.5 104.0 63.5 28.0 40.0 Ferns 
10.5 25.0 27.0 35.0 52.5 64.0 2.5 27.5 
O 0 0 0 17.0* 47.5 84.0 106.0 Forbs 
20.0 41.5 59.0 51.5 75.0 85.5 97.0 
4.5 8.5 18.5 20.5 21.5 32.5 10.5 
O 4.0 15.0 0 21.5 18.0 2.0 114.0 Grasses 
7.0 9.5 0 0 3.0 17.0 0 
2.0 2.0 4.0 2.5 4.0 3.0 7.0 
137.0 193.5 386.5 435.5 496.5 483.5 444.0 590.5 




























A large number of observations of feeding roe were, 
of course, made under circumstances in which it was 
impossible to be sure which species the animal was 
selecting. 	By May, the thick fern and grass layer 
restricted visibility to the extent that it was difficult 
to identify food species accurately. 	Because of these 
difficulties, grasses for May have been lumped into a 
single category. 
Determination of key species for further analysis 
The results of the feeding observations on roe are 
presented in Table 16. 	It can be seen that roe were 
observed feeding on a wide variety of species in the 
wood, and the total number of species recorded exceeds 
those recorded in Hosey's list of food selected by 
Scottish deer from Argyll. 
Table 17 presents the summarised data for the main 
species groupings of deciduous trees, shrubs, conifers, 
ferns, forbs and grasses; the data are also presented 
in graphical form in Figure 1. 	It can be seen that 
deciduous trees appear to be relatively unimportant, the 
highest score of 7% being obtained in October and much of 
this coming from a single six minute bout of feeding by 
a doe on Betula. 	It may seem surprising that roe were 
observed using deciduous trees so infrequently at Glentress, 
because a considerable number of deciduous trees have been 
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Table 17. 	The percentaQe of main plant qrouos in diet 
per month, from October 1975-(ay 1976 
(by observation). 
D e c. .a• Feb. Mar. A o r. 
Deciduous trees 7.0 0 3.1 107 6.0 2.9 2.1 11.0 
Shrubs 25.9 9.0 16.6 15.6 13.3 2.4 10.5 16.9 
Conifers 22.2 22.1 26.5 25.2 20.8 21.7 31.4 22.9 
Ferns 20.0 33.8 28.7 40.3 31.5 30.2 10.13 11.85 
Forbs 0 0 0 0 3.0 9.7 19.7 17.8 
Grasses 24.9 35.1 25.1 17.2 25.4 33.1 26.2 19.5 
Browse 55.1 31.1 46.2 42.5 43.1 36.7 63.7 68.7 
Ferns 20.0 33.8 28.7 40.3 31.5 30.2 10.1 11.9 
Grasses 24.9 35.1 25.1 17.2 25.4 33.1 26.2 19.4 
Note: The data presented in figure 1 are taken from 














De: Deciduous Str=Shrubs Co=Conifers 
Gr=Grasses 	Fe:Ferns Br=Browse 
Figure 1. 	The mean percentage occurrence in the diet 
of roe of the main plant groups as assessed 
by direct observation from October 1975 to 
March 1976. 	(See Table 16 ; forbs are not 
presented in this figure). 
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planted in the EUEA since the experiment's inception. 
However, with the exception of Sorbus aria and Acer 
pseudoplatanus, these trees have been almost eliminated 
from the forest as an economic crop, although many are 
still present in stunted form. 
The shrub component (Calluna, Erica and \Jaccinium) 
appear to be of more importance, although selection for 
this group varied considerably from month to month 
(25.9% in October, 2.4% in March). 
Conifer use was relatively consistent from month to 
month, with less variation than any other class. 
The fern layer appears to be of crucial importance, 
scoring about 30% in the months November - March. 
Much of the use of Dryopteris sp. in the winter was 
derived from observations of deer feeding on rhizomes 
which were dug up by scraping with the front feet although 
deer also browsed on fronds throughout the winter. 	This 
is further discussed in a later section. 
The increase in selection for the forb layer in 
April was due to roe feeding on young shoots of Epilobium 
in the spring. 	As a winter food, this species is of no 
real importance. 
Of the grasses, Holcus sp. appears to be the most 
important species, with strong selection being evident in 
every month of the study. 	Henry found using faecal 
analysis that Holcus was the commonest grass selected by 
roe at Hamsterly, with a peak in use occurring from March 
to May, and the evidence presented in Table 16 can be 
considered to support Henry since selection for Holcus 
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Table 18. 	Species selection 	by 	roe over winter 	(Oct.-Mar.) 
and the calculation of importance indices 
(based on observational data) 
Deciduous trees 	% Total 	feeding Frequency of Index of 
occurrence importance 
Fagus sylvatica 0.77 50 38.5 
Uuercus 	sp. 0.16 16.6 2.7 
Betula 	sp. 1.54 50 27.0 
Sorbus aucuparia 0.95 66.6 63.3 
Total 3.42 181.5 
Conifers 
Picea sitchensis 2.47 83.3 205.8 
Picea abies 10.34 100 1034.0 
Abies grandis' 1.52 66.6 101.2 
Abies alba 5.88 100 588.0 
Pseudotsuga menziesii 2.33 83.3 194.1 
Lariy. sp. 0.42 16.6 7.0 
Pinus sylvestris 0.39 16.6 6.5 
Total 23.35 2136.5 
Shrubs 
Calluna vulgaris 	7.09 	 100 	 709.0 
Erica sp. 	 0.44 33.3 14.7 




Pteridium aquilinum 1.35 33.3 45.0 
Dryopteris sp. 20.58 100 2058.0 
Thelypteris dryopteris 9.98 100 998.0 
Total 31.91 3101.0 
Forbs 
Epilobium 	sp. 3.01 33.3 100.2 
Grasses 
Holcus 	sp. 15.52 100 1552.0 
Deschampsia flexuosa 4.94 100 494.0 
Agrostis sp. 2.73 66.6 181.8 
0. 	caespitosa 1.70 66.6 113.2 
Festuca 	sp. 0.82 100 82.0 
Total 25.71 2423.0 
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Table 19. 	Ranked order of imoortance indices: 
observational data 
Rank Importance Importance Rank order 
order Species (Total) (%) as 	total 
time feeding 
only 
1 Oryopteris 	sp. 2058 23.2 1 
2 Holcus 	sp. 1552 17.5 2 
3 Picea abies 1034 11.6 3 
4 Thelypt.eris 998 11.2 4 
dryopteris 
5 Calluna vulgaris 709 8.0 5 
6 1\bies 	alba 588 6.6 6 
7 Deschampsia flexuosa 494 6.6 7 
8 Vaccinium myrtillus 397 4.5 8 
9 Picea sitchensis 206 2.3 15 
10 Pseudotsuga menziesii 194 2.2 11 
11 Agrostis 	sp. 182 2.0 9 
12 Deschampsia 113 1.3 10 
caespitosa 
13 Abies grandis 101 1.1 13 
14 Epilobium 	sp. 100 1.1 14 
15 Festuca sp. 82 0.9 17 
16 Pteridium aquilinum 45 0.5 16 
17 Erica 	sp. 15 0.2 12 
18 Larix 	sp. 7 0.1 18 
19 Pinus sylvestris 7 0.1 19 
Total 8882 
increases from January to April. 
Some of the species present in Table 16 were 
selected every month, while others such as Larix and 
Quercus were present infrequently. Furthermore, the 
total time which deer were observed feeding on these 
species differed considerably. 
An index of impor.tance of a given species can be 
calculated by comparing the percentage of the total 
feeding time with the number of months in which it was 
recorded. 	Since it was the intention to examine in 
detail the winter food of roe at Glentress, this analysis 
is best confined to data obtained from October to March. 
In Table 18, indices of importance have been calculated for 
the 23 species which roe were observed selecting during the 
period by multiplying the percentage of the total time 
which roe were observed feeding on a given species by the 
frequency of occurrence of the species in the data set from 
October to March. 	Thus, a species which was selected for 
in every month was scored 1 00%, and a species selected in 
only one month out of six scored 16%. 
Although this form of analysis has been used by other 
research workers, ranking in this way may well have the 
effect of reducing the importance of some species in an 
unrealistic manner. 	In Table 19, the conifer, shrubs 
f'orbs, ferns and grasses have been ranked in order of 
importance and it-can be seen that the position of the 
first eight species is unchanged, whether or not occurrence 
per month is used. 
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Selection of species for faecal analysis is some-
what arbitrary. 	The contribution made to the total 
food of roe by the deciduous tree element is probably 
unimportant and this group has been omitted from 
further consideration. 	On the basis of the ranked list 
presented in Table 19, it was decided not to sample 
further any species which occurred at the 2% level or 
less in the table. 	Thus, 1\grostis and all species 
below it were omitted. 	This left 10 key winter species 
for detailed faecal analysis. These species accounted 
for 84% of the total observed feeding time from Oct±e.r 
to March. 
Examination of key species by faecal analysis 
Methods 
Since food for roe deer is most likely to be limiting 
in the winter, faecal analysis was confined to analysis 
of fresh material collected in the winter, from October 
to March. 	Faeces were collected from randomly located 
plots on young plantations throughout the forest, a 
complete collection being made of any fresh looking 
group of faeces. 	In all, 50 groups were collected each 
month from October 1975 to March 1976 9 and the groups 
stored in polythene bags with 5% formalin. 	Later in the 
collection, an attempt was made to collect faeces from 
known individuals, but this proved impractical in view of 
the large sample size required. 
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Faeces were washed in running water for two hours, 
and then softened in 10% sodium hydroxide for two or 
three days. 	Robertson (1967) used methanol for this 
part of the process, and in practice it was found that 
there was little difference between the two techniques. 
Pellets were then boiled in 2%. sodium hydroxide for 10 
minutes, and stirred vigorously with a glass rod. 	10 
pellets were treated from the same group at a time. 
reference collection was made of key species 
(including the rhizomes of ferns) by collection from the 
field in December. 	Cuttings from these samples were 
reduced with a scalpel, and then boiled in 10% nitric 
acid and 10% chromic acid for 10 minutes, (Zyznzr and 
Urness 1969). 	(This method was found to be more 
satisfactory than boiling in alcohol (Robertson 1967) 
since the latter technique presents reference collection 
slides which are difficult to interpret, because the 
epidermal fragments are less distinctive). 	The samples 
were stored between slides in glycerine to prevent 
desiccation. 
Sampling of epidermal fragments were made on a grid 
using a high power lens. 	20 pellet groups per month 
were analysed using this method, and within each group a 
total of 20 fragments were identified. 
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Table 20. 	Summarized results of 
	
ecal analysis on 
10 Key Species (as pe ntaQe occurrence 
in diet) 
Oct. Nov. Dec. Jan. Feb. Mar. 
Dryopteri s 
sp. 1 17.2 21.6 23.6 22.4 30.3 19.3 
Ho 1 Cu s 
sp. 2 9.7 8.5 13.5 11.9 11.6 8.7 
Picea 
abies 3 24.1 25.8 23.5 14.3 14.5 23.7 
Thelypteris 
dryopteris 4 2.8 5.5 5.3 .3.9 0.7 6.7 
Calluna 
vulgaris 5 17.9 9.7 10.2 19.6 23.4 17.3 
Abies 
alba 6 10.3 10.1 8.9 12.6 4.5 6.5 
Deschampsia 
flexuosa 7 0 1.8 1.4 3.2 0.9 1.0 
Vaccinium 
myrtillus 8 2.9 5.3 4.9 2.0 10.6 8.8 
Picea 
sitchensis 9 6.3 4.0 3.8 7.1 2.3 4.6 
P seudotonga 
menziesii 10 8.8 7.7 4.9 3.0 1.2 3.8 















Shrubs Conifers Ferns Grasses 
22.1 39.4 26.6 12.0 
Rank order from observational data; see Table 19. 
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Table 21. 	A comparison of the imoortance of 10 Ke 
foods as determined by faecal analysis and 
by observation 
Rank order 	 No. of fragments 	Percentage 	Rank order 
by observation 	 in faeces 	occurrence by faecal. 
(a) 	analysis 
1. Dryopteris sp. 538 22.4 1 
2. Holcus sp. 257 10.7 4 
3. Picea abies 501 20.9 2 
4. Thelypteris dryopteris 98 4.1 9 
5. Calluna vulgaris 391 16.3 3 
6. Abies 	elba 211 8.8 5 
7. Oeschampsia flexuosa 34 1.4 10 
8. Vaccinium myrtillus 139 5.8 6 
9. Picea sitchensis 113 4.7 8 
10.Pseudotsuga menziesii 118 4.9 7 
Totals: 2400 100 
a Expressed as a percentage of the total number of 
fragments counted 
Note: No correction for occurrence per month (to give an 
index of importance) was undertaken since 9 out of 
the 10 species were present every month. 	One of 
them (Deschampsia Plexuosa) was absent from the 
pellets collected in October. 
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Results of faecal analysis 
The results of faecal analysis for the 10 key species 
are presented in Table 20 in the form of the percentage 
occurrence of each species per month. 	With the exception 
of Oeschampsia flexuosa, all species were present in every 
month of the winter, and calculation of importance indices 
by multiplication by the occurrence rate (as for Table 18) 
is clearly not relevant. 	Thus, in Table 21, the data 
from the faecal analysis are arranged as mean occurrence 
rates per species over the winter. 	For ease of refer- 
ence in the following discussion, the rank order of 
importance for these 10 species based on direct 
observations is also presented. 
It can be seen that both faecal analysis and 
observational work show Dryopteris sp. to be a key winter 
food species, and these ferns rank top using both methods. 
However, the rest of the list differs from the 
observational work, with Picea abies ranking second, 
followed by Calluna, Holcus and Abies alba. 
Clearly, any ranking of species in order of importance 
based on direct observations will be biased because no 
account can be taken of different rates of. ingestion. 
Unfortunately, faecal analysis is an inappropriate method 
for correcting this bias since species differ greatly in 
their digestibility. 	For instance, the total contribution 
to the diet of roe by Holcus and Deschampsia flexuosa 
drops considerably on faecal analysis, and Calluna and 










Figure 2. 	'The mean p ercentage occurrence 
diet of roe of the main plant . 
as assessed by faecal analysis 
October 197511arch 1976. (See 




Table 20 ; 
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observational work would suggest; this is probably due 
to differential digestibility (Stewart 1967), although 
Hosey's work on the stomach contents of Scottish roe 
showed grasses to be a relatively small component of the 
overall diet. 	Reduced occurrence of grasses in the 
faeces could also be explained in terms observer bias. 
Roe out feeding on grasses are usually in open areas, 
and are perhaps more easy to see. 	Even under mature 
stands of timber which have been thinned, deer were very 
easy to find, and it was in these areas that they were 
most frequently seen taking Holcus sp. 
Henry suggested that Calluna may be less digested 
than many other species, and consequently may appear more 
frequently in the diet of roe if faecal analysis is used. 
Clearly, feeding trial work needs to be performed on 
captive roe in order to assess the differential 
digestibility of a large number of species, so that 
correction indices can be applied to faecal analysis. 
The high rank order of Picea abies is likewise 
explicable in terms of differential digestion or observer 
bias. 	Picea abies is now the major tree in the EUEA 
regeneration plots and horizontal visibility in these 
areas is much reduced. 	This could reduce the number of 
sightings obtained. 	Despite the 'high use of Dryopteris 
by roe, the use of the browse component is higher than 
that of ferns in all months of the winter (Figure 2), with 
much of the winter browse contribution coming from Picea 
abies. 	Differences in selection using direct 
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observations and faecal analysis are highlighted by 
comparing Figure 1 with Figure 2, with a much higher 
recorded level of use on grasses and ferns from the 
observational data. 	While it is impossible to check 
whether this is due to observer bias or differential 
digestibility, it is felt that observer bias may be 
an important element. 
Great difficulty was experienced in identifying 
the rhizome fragments under the microscope, and many 
of the fragments which appeared as rhizome needed to 
be carefully checked under high power. 	Some of the 
samples were analysed using oil immersion to increase 
magnification, but this had the effect of restricting 
mobility on the slide. 	The ranking of Thelypteris 
on the faecal analysis is much lower than that obtained 
using observational data. 	This may be due to 
difficulties in recording in the field, since 
differentiation of use of ferns was usually only 
possible by checking the location of the animal after 
it had parted from the feeding site, and Thelypteris 
and Oryopteris grow in close association and errors will 
have been made. 	It is probable that ferns have a 
similar digestibility, and the lower ranking of Thelypteris 
may be realistic. 	This matter is discussed shortly when 
the use made by roe of ferns is further considered. 
Similarly, Calluna and \Jaccinium grow inintimate 
association in much of the study area, and it was normally 
impossible to describe which species was being selected. 
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Faecal analysis suggests that Calluna occurs approximately 
three times more frequently than \iaccinium, and this may 
perhaps be a reliable index of differential use. 	Calluna 
is clearly a food of major importance-for roe deer in 
Scottish forests, (Thompson 1966, Henry 1975, Hosey 1974) 
and for red deer on many hillside habitats, (Mitchell, 
Staines and Welsh 1977). 	These latter authors present 
a table of dwarf shrubs and their use by red deer in 
continental forests and Calluna is the most important of 
this group, although Henry's ranking of Calluna as more 
important than Dryopteris in his study area in Durham 
may in part be due to the fact that he only searched for 
remains of fronds, and thus may have missed fragments of 
fern rhizome. 
The use made by roe of ferns at Clentress 
Preliminary analysis of some faecal material in the 
winter of 1975 coupled with observational work, suggested 
that it would be of value to examine in detail the use 
made by roe of ferns in the study area. 	Difficulty was 
- 	experienced in designing an appropriate method to sample 
the fern crop over the forest as a whole. 	4 series of 
trial transects and plots, in which fern numbers and 
production were measured revealed that the variance in 
the data was such that a very large number of plots would 
be needed to provide results which were of statistical 
value. 	It was therefore decided to restrict sampling to 
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Dryopteris sp. and ThelJteris and record the use made 
of these three species by roe in four compartments 
(c 201-204). 	These compartments are all mature thinned 
type habitats within the EUEA and were extensively used 
by roe. 	The selection of these compartments was a 
compromise between needing to know more about fern use 
and needing to sample in an effective manner. 
Dryopteris filix-mas frequently has a very large 
root stock, which is composed largely of thick dead 
material surrounding a fleshy interior, which can exceed 
1 kgm in nature clumps. 	D. dilatata on the other hand 
has a rhizome which normally extends above the surface 
to form a thick base from which the fronds grow. 
Thel),pteris dryopteris has a slender creeping rhizome 
which on occasion runs very close to the surface, and the 
difference between Thelypteris and Dryopteris sp. is quite 
marked. 
Because of the great variation in the forms of these 
three species, it was considered impractical to attempt 
any sampling based on absolute measures of loss of material 
from fern clumps - such as exciosure plots. 
Methods of sampling 
Ten fifty metre transects were laid out in C 201-204. 
These transects were located randomly within the area, the 
direction being set by a watch hand. Any transect which 
fell through an EUEA plot was rejected and relocated. 
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In addition, visual estimates were made of bracken 
abundance in the four compartments and transects 
deliberately located away from areas of bracken cover. 
The lower parts of the junction of 202 and 203 had 
bracken, and all plots in these areas were relocated. 
It proved very difficult to locate plots in 201 without 
crossing some of the regeneration groups. 	The groups 
were very heavily browsed in places, and in these cases 
it was decided to allow transects to cross these groups. 
The transects were paced out, and every 5 metres 
marked with a bamboo cane. 	The beginning and end of 
the transects were marked with colour flashes and code 
numbers. 	A one metre wide path was driven along the 
transects, the distance from the line being set by a 
stick which held in the hand extended 4 metre each side 
of the transect. 	A number of fern groups fell on the 
edge, and those which overlapped more than 50% were 
included. 	All of those ferns groups which touched the 
edge but were excluded were marked with a small stake 
to avoid being sampled in subsequent periods. 
Because ferns varied in their form, feeding was 
assessed using a ranked feeding method. 	The categories 
selected were as follows: 
Score 	Rhizomes 	 Fronds 
1 	Trace digging Trace feeding 
2 1-2" dug Less than 10% of fronds taken 
3 	3-4" dug Less than 30% of fronds taken 
4 S" plus dug More than 30% of fronds taken 
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The transects were sampled once every 20 days from 
December 18 to May 7. 
Die-back of frond in the winter made it impractical 
to measure frond use by roe, although faecal analysis 
through the winter indicated that fronds were selected 
by deer. 	Frond browsing pressure was assessed in the 
first sample period (Dec 18) and is largely a measure of 
previous browsing in the summer and autumn. 	In April, 
young fronds appeared and a measure of browsing pressure 
was once more possible. 
Because the transects were carefully laid out and 
well marked, repeat sampling of the same clump through 
the winter period was possible. 	Since the score system 
was designed to measure use over the whole winter, all 
clumps which had been scored at a particular level of 
browsing were scored at the same level in the next 
sampling period if no subsequent feeding had occurred. 
If digging had taken place, a search was made of the 
fern clump under dead fronds to record further activity. 
Once a clump had been attacked, the signs usually 
remained visible through the winter. 	During periods of 
snow fall, clumps were still dug by roe. 	However, some 
of the clumps were covered and it was not possible to 
record any activity. 	In these cases, the clump was 
allocated the previous dig score. 	This is not 
necessarily an important error because after snow-melt 
feeding on covered clumps could be detected, even though 
they may have been missed in earlier sampling. 
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Table 22. 
Transect No. 	Number of fern clumps on transect 
D.filix-mas 	D. dilatata 	Thelypteris 
dryopteris 
1 2 1 5 
2 6 2 3 
3 11 1 4 
4 0 3 2 
5 4 1 0 
6 9 0 0 
7 2 1 3 
8 5 0 1 
9 5 0 2 
10 0 0 3 
Total 44 9 23 
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Table 23. 	The use of ferns by roe at Glentress 
Sampling Dryopteris Dryopteris Thelypteris 
period filix-mas dilatata dryopteris 
Rhizome 	Frond Rhizome Frond Rhizome Frond 
1 (18.12) 1.29 	3.35 0.44 3.25 0 2.85 
2 (14.1) 1.70 	- 1.33 - 0.47 - 
3 (3.2) 2.09 	- 1.33 - 0.82 - 
4 (23.2) 2.43 	- 1.55 - 1.00 - 
5 (15.3) 2.56 	- 1.77 - 1.00 - 
6 (4.4) 2.90 	3.45 2.33 2.77 1.04 2.31 
7 (24.4) 3.31 	4.00 2.77 4.00 1.17 4.00 
8 (7.5) 3.62 	4.00 2.77 4.00 1.17 4.00 
44 9 23 
Note: The figures are the mean scores of rhizome and 
frond respectively (See text 	for explanation). 
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The Selection of food by roe 
Food selection by any deer species is complex. 
Changes in selectivity for a single species can be 
altered if other species are offered in varying 
combinations. 	Dietz.Udall and Yeager (1962) found that 
selection for a Worm-wood (irtemesia tridentata) by 
Oidocoelius hemionus could be increased by offering with 
it a range of more preferred species. 	This is supported 
by Staines' work (Staines 1970, quoted in Mitchell, Staines 
and Uel6h 1977) on the feeding of red deer. 	Red deer 
browsed more frequently on Calluna when this species grew 
in a pure Callunetum than when it grew in association with 
Vaccinium and Deschampsia flexuosa. 
Differential selection for Vaccinium and Calluna has 
also been described for forest deer in Poland 
(Dzieciolowski 1967b) using snow tracks and bite records, 
but this work suggested that Calluna was selected 
proportionately less frequently than Vaccinium. 	Ranked 
orders for important species have been published for both 
roe and red deer. 	Szmidt (1975) used captive roe to 
examine shrub and tree selection, Dzieciolowski used snow 
tracks (l967b) and stomach analysis (1970b) and Borowski 
and Kossak (1975) have used traces left by red and roe 
deer. 	This latter paper provides an impressive list of 
137 species, recorded separately for 6 forest types. 
Crude preference indices may be calculated from the data 
presented in the table in this paper by relating abundance 
to the frequency of selection. 	Comparison of species 
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ranked in this way with the data on food preference on 
the most used species in Chedington (Hosey 1974) suggests 
that there is no simple relationship between the food 
preferences of roe in the Polish study area and Chedington. 
The data presented by Polish research workers suggests 
that while broad statements can be made about the nutrition 
of both red and roe deer in forests concerning use of major 
plant groups and a few key species, analysis breaks down if 
an attempt is made to rank species in an empirical sense, 
without reference to their associations and availability. 
While the analysis of food of roe in Britain has been 
confined to measurements of occurrence of single species 
rather than groups of species, it may be necessary for 
future research workers to develop ways of testing 
selection for plant associations rather than individual 
species. 	The 'food block' theory of Kossak (1976) needs 
to be further developed, perhaps using multivariate 
ordination techniques (Principal Componant Analysis) common 
'to 	quantitative plant ecology, (Gittins 1968). 
However, analysis of food blocks is extremely 
difficult, given the complex inter-relationships between 
species. 	Hosèy in his work at Chedington and Henry at 
Hamsterly, resorted to a comparison of the frequency of 
single species in roe diet with their occurrence in the 
forest habitat, to obtain an index of preference for each 
species. 	Thus, a species which occurred very frequently 
in the diet, but was under-represented in the forest would 
be ranked. highly preferred, and a species which occurred 
infrequently in roe diet, but was very common would be 
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ranked as having a low preference. 
Hosey was fortunate at Chedington in that the roe 
fed mainly on the major browse species, and these could 
be assessed as a group in terms of abundance in order to 
obtain a preference rating. 	At Glentress, it was 
evident that roe were using a wide variety of species 
with very different structural characteristics and a 
measure of abundance of one group, such as grasses could 
not reliably be applied to another such as conifers. 
This means that while preference ratings can be applied 
to groups of similar form whose abundance can be 
assessed in the field, the analysis does not permit 
direct comparison of different groups. 	This can only 
be achieved if relative abundance scores are allocated 
to each class, and these scores then compared within 
groups. 	However, ranking by abundance across groups 
is arbitrary, and a comparison of conifers and grasses 
would probably necessitate relating percent cover 
(grasses)to volume (conifers). 	Any subsequent analysis 
which relates these groups to territory size would 
involve the following steps:- 
Determination of selection of diet; biased 
by both observation and faecal analysis. 
Determination of preference based on measuring 
the abundance of each species and comparing with 
occurrence in the diet. 
Allocation of relative preferences across groups; 
biased by selection of abundance classes which may bear no 
relation to other groups. 	(Thus, to a roe deer a 50% 
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cover of Holcus sp. may represent a superabundant food 
supply with no practical difference from a cover of 1 00%). 
Absolute measures of abundance from exciosure plots 
are difficult to achieve with an animal like a roe deer 
which is relatively thinly dispersed, and which has a 
very catholic diet. 	Furthermore, even if these measures 
were practical, they would still be biased by the 
experimentors decision on what was or was not available 
to the animal. 
Comparison across groups is an intractable field 
problem. 	It was therefore decided to take the following 
steps: - 
Assess the preference shown by roe deer for the 
10 key species by comparing the results of faecal analysis 
with relative abundances of these species in the forest. 
This analysis would be designed to measure differences 
in selection within the grass, conifer, fern and shrub 
components. 
Relate the abundance of these groups - ranked by 
preference - to territory and home range size. 
The measurement of food supply in territories and home ranges 
Before continuing with a description of measurement 
of food supply in each territory, it is worth restating 
the hypothesis to be tested and the observations which led 
to its formulation. 
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Roe deer are highly territorial, and for bucks 
behaviour exerts a powerful regulating mechanism on the 
breeding density within a population. 	A similar, albeit 
more complex, mechanism may operate for the females (see 
Chapter 5). 
Roe deer densities vary from habitat to habitat, 
and generally upland forests in Scotland have lower 
densities of deer with larger territories than deer in 
semi-deciduous woodlands in southern England. 
It therefore follows that there may be a relation-
ship between the food supply of territories and their 
size, the hypothesis being that large territories will 
tend to have less food present per unit area than small 
territories and the overall food values of all territories 
will be similar. 	The hypothesis is rejected if it is 
found that larger territories have similar amounts of 
food per unit area to small territories, or that there 
is no consistent relationship between territory size and 
food supply. 
Methods of sampling 
Glentress forest has one of the most complex habitat 
structures of any Forestry Commission forest in Scotland. 
The species composition of the ground flora is affected 
in part by management, age class and type of crop, soil, 
altitude and aspect. 	The upper slopes of the forest are 
less productive in terms of yield class of Sitka spruce and 
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it is likely that this is a good general measure of soil 
productivity for growth of ground vegetation. 	Because 
the forest presents such a large sampling problem, it was 
decided to measure the vegetation within the forest by 
compartments. 	These compartments are usually well laid 
out and easily recognisable. 	In all, 33 compartments 
fell within the main study area - including the western 
spur of the wood. 	Each compartment is divided into a 
number of sub-compartments (from one to eight). 	The 33 
compartments in the area had within them a total of 137 
sub-compartments and these sub-compartments are defined 
by EC field survey according to two criteria - crop species 
composition and age class. 
The quality of the data obtained on territorial 
dispersion within the wood varied with the year in which 
it was obtained, and also the part of the wood. 	For 
instance, observations in Compartments 16, 216 0 217 and 
218 were difficult due-to the very high levels of cover 
in this part of the wood, and in 1975 most of the 
observations were made on individual males and females in 
the centre and east of the wood. 	It was therefore 
decided to sample feeding within the territories and home 
ranges of males and females in this part of the wood, 
since the data could be related to reliable information 
on deer dispersion. 	This meant that compartments 214 0 
216, 217, 218, 219, 16 and 20 were not sampled. 	This 
left a total of 28 compartments, comprising some 119 sub- 
compartments. 	However, the ground vegetation in many of 
these sub-compartments was negligible and therefore did 
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Map 15. The approximate location of the 100 metre 
transects in the sampled sub compartments. 
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not need to be sampled because the canopy of the crop 
excluded light from the forest floor. 	The sampling of 
vegetation was therefore restricted to open type 
plantations. 	These fell into two categories; .1) clear 
ground which had been newly planted with a crop 2) mature 
well thinned crops which had developed an extensive ground 
flora. 
The intermediate type of habitat— closed canopy - 
varied considerably in the degree of light penetration to 
the forest floor. 	Every crop established in the 1940 1 s 
and 1950's had a non-existent ground flora. 	Some of the 
crops established in the late 20's and early 30's were 
opened sufficiently to allow vegetation to grow on the 
floor. 	Spruce crops retained the canopy closure effect 
for longer than other species, and many spruce crops 
established in the late 20's had little or no ground 
vegetation. 	However, crops. of Scots pine, Douglas fir 
and larch established at the same time usually had a 
well established ground flora of grasses and ferns. 
Accordingly, all late 20 and early 30 crops were sampled, 
with the exception of those few sub-compartments composed 
of spruce which had no apparent ground vegetation. 	A map 
of the sampled and unsampled sub-compartments is shown in 
Map 15. (Map I is also shown). 
The sampling procedure was designed to reveal 
differences in abundance of key species between territories, 
rather than measures of absolute abundance. 	Accordingly, 
the procedure selected was one which would be quick to use, 
and yet sufficiently sensitive to measure any substantial 
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change in abundance of a species between sub-compartments. 
Because the food classes to be sampled had very 
different forms, it was important to select a method of 
sampling which could be used to measure the change in 
these groups as efficiently as possible. 	The procedure 
selected was to use a modified transect sampling system 
rather than plots since a number of permanent plots had 
been layed down in the forest, and this had been very 
time consuming. 
A transect length of 100 metres was used to sample 
the sub-compartments. 	A number of the transects were 
larger than the sub-compartments to be measured, and it 
was therefore decided deliberately to locate all transects 
along the longest central axis of a sub-compartment 
because random location of a transect would have resulted 
in a very large number of transects falling outwith the 
area to be measured. 	Two of the transects needed to be 
'bent' in order to stay within the sampling area. 	The 
central valley system received two transects per sub- 
compartment because of their exceptional length. 	All 
other sub-compartments were sampled once. 	The approximate 
locations of these transacts are shown in Map 15. 
The following measures were taken along the transect. 
Ferns: Every clump of fern which fell on the transect 
was counted - only Dryopteris sp. and Thelypteris were 
recorded. 	No attempt was made to assess-the size of 
these clumps. 
Grasses: Every 20 metres, a sweep was made with a 
stick around a 1.26 m. radius, thus covering 5 square metres. 
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The cover of Holcus and D. flexuosa was estimated visually. 
Conifers: Every 20 metres, the number of young 
conifers within a 10 metre radius was estimated. 	(Picea 
abies, P. sitchensis, Abies alba, Pseudotsuga menziesii). 
Dwarf shrubs: Every 20 metres, the cover of Calluna 
and Vaccinium was estimated. 
The species recorded were allocated to abundance 
classes in the following way: 
Ferns: 	Class 	 Score 
1-4 clumps 1 
5.-8 clumps 2 2 	Species groups: 	Dryopteris 
-12 clumps 3 sp. 	and 




10 % cover 1 
20 % cover 2 2 	Species groups: 	Holcus sp. 
30 % cover 3 and 




0-24 trees 1 
25-50 trees 2 4 	species: 	Picea abies, 
51-75 trees 3 1\bies 	alba, 
76-100 trees 4 Picea sitchensis, 
P seudotsuga 
menziesii 
Dwarf 	Class 	 Score 
shrubs: 
	
1-5 % cover 	1 	 - 
6-10 % cover 2 2 species: Calluna and 
11-15 % cover 	3 	 \Jaccinium 
16 	plus 4 
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Table 24. 	The calculation of grass food indices for two buck territories 
Buck 15 (1975) 
Holcus 	sp. Deschamosia flexuosa 
Area of Mean Importance Score Mean Importance Score 
subconip. abundance x 	Index abundance x Index 
1.65 1.8 19.26 31.78 1.0 1.16 1.91 
1.04 1.2 12.84 13.35 1.8 2.09 2.17 
1.72 1.4 14.98 25.89 0.8 0.92 1.60 
1.68 - - - 1.8 2.09 3.51 
0.82 0.4 4.28 3.51 0.5 0.58 0.41 
2.36 - - - 3.2 3.71 8.76 
0.28 1.4 14.98 4.19 4.0 4.64 1.30 
1.32 1.2 1'2.84 16.95 2.2 2.55 3.36 
0.65 - - - - - - 
1.22 2.6 27.82 33.94 1.0 1.16 1.42 
0.57 1.2 12.84 7.32 - - - 
0.10 1.4 14.98 1.50 0.8 0.93 0.09 
0.28 3.6 38.52 10.79 - - - 
13.69 	ha 149.22 24.53 
Total = 173.75, Grass score = 17.37 
Buck 24 (1975) 
Area of Mean Importance Score Mean Importance Score 
subcomp. abundance x Index abundance x Index 
0.72 1.2 12.84 9.24 0.8 0.88 0.63 
0.78 - - - 1.2 1.39 1.08 
1.14 - - - 0.8 0.88 1.00 
0.21 - - - 1.4 1.62 0.34 
0.25 0.2 2.14 0.54 - - - 
2.72 1.2 12.84 34.92 - - - 
0.71 0.6 6.42 4.56 - - - 
2.94 1.0 10.70 31.45 1.2 1.39 4.08 
0.93 2.0 21.40 19.90 - - - 
1.22 4.0 42.80 52.21 - - - 
1.47 1.8 19.26 28.31 0.8 0.88 1.29 
0.82 1.4 14.98 12.28 0.2 0.23 0.19 
0.25 - - - 3.6 4.17 1.04 
1.18 0.8 8.56 10.10 1.0 1.16 1.37 
4.88 1.0 10.70 52.21 - - - 
20.22 ha 255.67 11.02 
Total = 266.69, Grass score = 26.69 
Note: The importance indices for both species are derived from 
information presented in Table 20. The index for D. 	flexuosa 
is adjusted since this species was absent from one month's 
sample. 	i.e. 1.4 x 5/6 = 1.16. In practice, such an 
adjustment has little effect on the final score since 
D. 	flexuosa makes a low contribution to the winter diet of 
roe at Glentress. 
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Potential bias in the sampling method is probably 
highest in the conifer class. 	Conifers vary greatly in 
their form, and no attempt was made to correct the number 
of conifers by height to give an estimate of volume. 
Normal forestry practice in spacing of conifers in young 
plantations varies from 1 tree per 1.6 to 	metres. 	Thus, 
a sampled radius of 10 metres will cover 314 square metres, 
and within a normal plantation, this would score 4 since 
tree numbers in the area would be approximately 90. 	No 
estimate was made of the quantity of material available to 
roe from side branches, since this would have magnified 
the sampling problem out of all proportion to the time 
available. 
At the end of each transect, a maximum of 10 different 
species would have been recorded at 5 different locations 
along the transects. 	The abundance of each species was 
recorded by totalling the scores at each point on the 
transect, and dividing by the, number of sample points (5), 
to obtain the mean abundance along the transect. 	The 
abundance of each species in a sub-compartment was 
estimated by multiplying the mean transect abundance 
score by the mapped surface area of the sub-compartment. 
Finally, the surface area x abundance score was further 
multiplied by the importance index for the species, as 
determined by faecal analysis, to give a food value to 
each-sub-compartment for each species. 	The food value 
for each species grouping was then obtained by totalling 
the species abundance values. 	An example of the operation 
of the method is shown for the two grass species in two 
buck territories in Table 24. 
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Table 25. 	The summarised food scores f 
	
usted 
minimum polygon buck territo lentress 
in 1975 (See also figures 3- 
Deer Area Grass Score Dwarf Shrub Conifer Fern Total 
() Score Score Score Score 
1 16.54 21.36 6.56 19.18 13.39 60.49 
3 24.89 23.54 6.59 21.18 27.30 78.61 
6 26.24 23.71 4.24 18.55 29.26 75.76 
12. 12.01 13.58 6.02 7.50 7.85 34.95 
13 19.62 24.51 5.77 17.90 19.73 67.91 
15 19.44 17.37 9.56 15.56 21.51 64.00 
20 12.38 12.22 4.86 15.21 7.72 42.01 
23 9.26 10.21 2.52 11.32 11.58 35.63 
24 27.7 26.69 9.91 14.76 39.11 90.47 
25 18.36 12.55 5.31 6.72 23.51 48.10 
	
Grass 	Dwarf Shrub 	Conifer 	Fern 	Total 
r values 
	+0.858 	+0.526 	+0.5176 	+0.937 +0.954 
p < 	 0.001 	ns 	 ns 	0.001 	0.001 
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Table 26, 	The summarised food scores for 10 minimum 
polygon doe home ranges at Glentress in 1975. 
(See also figures 8-12) 
Der Area Grass Score Dwarf Shrub Conifer Fern Total 
(.) Score Score Score Score 
3 11.06 12.91 1-6.19 9.41 12.97 51.48 
4 12.1 11.47 1.71 .3.42 14.16 30.76 
5 12.06 14.75 2.50 12.16 9.71 39.12 
6 13.00 13.16 4.95 14.12 16.02 48.85 
7 13.89 17.14 3.17 4.71 21.89 46.91 
8 5.92 9.21 0.16 8.17 8.14 25.68 
9 25.62 22.18 11.41 22.14 29.42 85.15 
10 3.58 4.97 8.41 5.17 5.32 23.87 
11 2.62 3.89 7.12 3.98 6.17 21.16 
12 5,47 8.76 2.67 3.16 4.90 19.49 
Grass Dwarf Shrub Conifer Fern Total 
r values +0.958 -+-0.267 +0.795 +0.943 +0.944 
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Figure 3. 
The relationship between the combined abundance of two key 
grass specieweighted according to importance) and adjusted 
minimum polygon territory size for bucks in 1975. 
(r = +0.858 	p < 0.001). 






























The relationship between the combined abundance of two key 
shrub species and adjusted minimum polygon territory size 
for bucks in 1975. 
(r = +0.526 	p = n.s.). 
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	 29 
Territory size in ha. 
Figure 5. 
The relationship between the combined abundance of young 
conifers(weighted according to importance) and adjusted minimum 
polygon territory size for bucks in 1975. 
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Territory size in ho. 
Figure 6. 
The relationship between the combined abundance of key fern 
species(weightedaccording to importance) and territory size 
For bucks.in 1975. 
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The relationship between the combined abundance of two key 
grass specieweighted according to importance) and home range size for does in 1975. 

































The relationship between the combined abundance of two key 
shrub species and home range size for does in 1975. 
(r = +0.267 p = 
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Figure 10. 
The relationship between the combined abundance of young 
conifers(weightedaccording to importance) and home range 
size for does in 1975. 
(r = +0.795 0 p < 0.01). 
Range eizo in ha. 
. 
Figur e 11. 
The relationship between the combined abundance of key 
fern species(weiqhtedaccording to importance) and home 
range size for does in 1975. 
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Range size in ha. 
Figure 12. 
The relationship between the total food score of each 
home range and home range size for does in 1975. 
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Since a number of territory boundaries bisected the 
sub-compartments, a tracing overlay (1:5280) of 1975 
territories and home ranges for bucks and does was laid 
over the sub-compartment map of the study area, and the 
surface of each sub-compartment in each territory/home 
range measured. 	Where a sub-compartment only partially 
fell within a territory, the total food value was reduced 
by the same proportion as the reduction in area of the 
sub-compartment. 	This was simpler than measuring the 
area of each sub-compartment within each male territory, 
because the same data would need to be re-worked to 
calculate female home range food content, because of the 
overlap of ranges between the sexes. 
Results 
The results for the food class indices for buck and 
doe ranges in 1975 are presented in Tables 25 and 26. 
Regression analysis has been performed on the food class 
scores and territory size. 	These results are also 
presented in Figures 3-12. 	Because the results for males 
and females are broadly similar, they will be discussed 
together. 
Grasses: Regression analysis of the total grass food 
index against absolute size of territory suggests that as 
territories get larger, so the quantity of grass within the 
territory increases. 	The slope of the regression is 
positive (+0.858 and +0.958 for males and females 
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respectively) and significant at p <0.001. 	This is 
perhaps not an unexpected result, because grasses are 
widely spread throughout the study area, being found 
under all but the close canopy type of habitat. 
Shrubs: There is no apparent relationship between 
the dwarf shrubs score-for each territory/home range and 
the size of the territory. 	The Calluna/Vaccinium 
communities are generally confined to the higher parts 
of the forest. 	Where they occur on lower slopes, they 
are generally found in small clumps and patches inter- 
spersed with ferns and grasses. 	The valleys and lower 
slopes of the hills are almost free of Calluna-\Jaccinium 
and much of the contribution of the dwarf shrub component 
in territories generally comes from sub-compartments located 
above the 250 m. contour line. 
Conifers: ,The conversion of the EUEA to a mixed age-
class forest is now almost half complete, and most of the 
sub-compartments in the study area had young conifers 
present in small groups. 	Picea abies occurred most 
frequently in the sample transects, although there was 
little difference in abundance between Picea abies and 
P. sitchensis, because large areas of Sitka have been 
planted up the central valley and on the slopes of 
Compartments 7-9 2 and all transects in these areas scored 
4. 	Abies alba was restricted to small plots in the EUEA, 
and these had generally been extensively browsed, 
especially within C. 201-208. 	The abundance score 
method probably under-estimates Abies alba, because many 
of the EUEA plots had this species present, but the trees 
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were very small due to heavy browsing, and they could 
easily have been missed. 	Douglas fir is mainly confined 
to C. 202 and 203, with small groups being found in C 10 
and 209. 
Both the male and female ranges showed an increase 
in young conifer food index with range size, suggesting 
that larger ranges had more conifers present than smaller 
ranges. 
Ferns: Ferns were present in most of the sub-
compartments sampled. 	Dryopteris sp. and Thelypteris 
are most abundant under mature well thinned crops, with 
some of the sub-compartments scoring 4 for both types of 
fern. 	Transects located within open cleared areas also 
recorded ferns, although the fern component in these 
habitats is probably a reflection of the flora that was 
present before the present crop was established. 
Compartment 11 was blown out in the gales of 1968, and 
the two transects in this compartment recorded low levels 
of fern abundance. 	Those clumps which were found were 
frequently very small, although close examination 
revealed that the root-stock of many D. filix-mas 
specimens were large and composed primarily of dead 
material, which suggests that they may have been 
regressing. 
The relationship between fern food score and 
territory size suggests that larger territories had a 
greater abundance of ferns than smaller territories. 
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Total food scores: Although totalling of food scores may 
be inappropriate because of difficulties in relating 
species with different forms which have been assessed 
using different methods, it is of interest to note that 
a regression of total food score for both male and female 
ranges yields a correlation coefficient which is highly 
significant (p< 0.001). 
Calculation of food per unit area 
The data presented in Figures 3-12 suggest that for 
both sexes there is generally a greater absolute abundance 
of key food species in larger territories and home ranges 
than in smaller ones. 	However, one fundamental 
difficulty with using this form of analysis is that the 
hypothesis is tested by searching for a divergence from 
significance and it could be argued that this is not the 
most appropriate way to test a hypothesis. 	Furthermore, 
weighting of species by importance indices may inflate 
the value for some species out of proportion to their 
significance for roe. 
One solution to these difficulties would be to 
derive a figure for the mean abundance of key species per 
unit area for each territory unmodified by importance 
indices; in this way, the hypothesis is tested by looking 
for a negative relationship between food density and 
territory size. 
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The mean abundance per unit area of each food 
group can be calculated by a) multiplying the transect 
abundance scores of each species by the area of these 
sub-compartments, b) dividing the total scores for all 
of the sub-compartments by - the territory size to yield 
a mean abundance per unit area for that food species, 
c) adding these means with other plants in the same food 
group to give a group mean for the territory. 
If territories are compensated in size for the amount 
of food, then such an analysis should reveal a negative 
relationship between mean abundance and territory size. 
If territories are not food compensated, then one would 
expeOt to find that territories had similar amounts of 
food per unit area or, more realistically, that there is 
no detectable relationship between territory size and food 
supply. 
Results and discussion 
The results of the calculations of mean food group 
abundance for territories and home ranges are shown in 
Tables 27 and 28. 	It can be clearly seen that there is 
no significant relationship between territory/home range 
size and food abundance. 	These results support the 
evidence presented in Tables 25 and 26 and show that 
larger territories and home ranges generally - contain a 
greater abundance of key species than smaller ones. 
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Table 27. The food 	score per unit area for the 	four 
main 	food groups for 10 	adiusted minimum 
polyoon 	buck 	territories at 	Glentress in 1975 
Deer Area Grass 	Score Dwarf Shrub Conifer 	score Fern 	score 
(d') /ha Score/ha /ha /ha 
1 16.54 1.52 0.55 1.81 1.74 
3 24.89 1.50 0.40 1.90 1.96 
6 26.24 1.82 0.38 1.62 1.02 
12 12.01 1.19 0.75 1.42 1.95 
13 19.62 1.0 0.62 1.58 0.87 
15 19.44 1.80 1.20 1.21 1.36 
20 12.38 1.50 0.92 1.29 1.95 
23 9.26 1.75 0.41 1.50 1.72 
24 27.70 1.72 0.93 1.12 1.00 
25 18.36 1.48 0.86 1.05 0.78 
Grass Duard Shrub Conifer Fern 
r 	values 0.386 -0.03 0.07 -0.519 
p ns ns ns ns 
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Table 28. 	The food score per unit 	area for the four 
main food qroups for 10 minimum oolyaon doe 
home ranges at Glentress in 1975 
Area 	Grass Score Duard shrub Conifer score Fern Score %er ) /ha score/ha /ha /ha 
3 11.06 1.67 0.81 1.72 1.69 
4 12.10 1.35 0.72 1.38 1.57 
5 12.06 1.66 0.87 1.36 2.10 
6 13.00 1.82 0.60 1.84 1.97 
7 13.89 1.97 0.49 1.41 1.12 
B 5.92 0.91 0.23 1.59 1.51 
9 25.62 0.57 1.21 1.10 1.46 
10 3.58 0.31 0.92 1.59 1.59 
11 2.62 0.49 1.01 1.86 1.13 
12 5.47 1.47 0.62 0.49 1.50 
Grass Duard Shrub Conifer Ferns 
r values +0.207 +0.335 -0.185 +0.142 
p ns ns ns ns 
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In this context it is of interest to note that 
Hosey's suggestion that roe buck territories tend to 
have equal food values is unsupported by the evidence 
which he presents in his thesis since regression analysis 
of the total food values (for key browse species) for roe 
buck territories at Chedington shows that larger 
territories have more food than smaller ones; r= +0.809, 
P < 0.01. 
The data presented in Tables 25-28 can be explained 
in three distinct ways. 
High food values were obtained for large 
territories because large territories were located in 
open areas where deer were easily seen, and these areas 
had an extensive ground vegetation. 
High food values were obtained for large 
territories, but these food values were not relevant to 
total available energy because the wrong measurements 
were taken. 
The food values obtained are a realistic estimate 
of the food content of deer territories. 
1. This is an unlikely explanation because of the way 
in which deer ranges were mapped. 	The buck territories 
were adjusted minimum polygons, with no inter-territorial 
space permitted. 	These adjusted minimum polygons tended 
to include areas of thick cover which were not present in 
the simple minimum polygons. 	The doe ranges, on the 
other hand, were measured as minimum polygons - with all 
the attendant bias of differential visibility in different 
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habitats. 	Despite different ways of mapping ranges, 
the results for the food content analysis for both sexes 
are strikingly similar, although of course, the absolute 
levels of food are different due to differences in range 
size between the sexes. 	Possibility 1 is therefore 
rejected. 
2. The food of wild animals is almost invariably 
measured in terms of abundance rather than quality. 
Even with domestic animals where laboratory work is a 
possibility, the relationship between the animal's 
requirements and food can be very complex. 
In this 'study, food was measured by estimating 
abundance over a large area of forest. 	This approach 
is inevitably crude. 	The only 'correction' for quality 
of vegetation has been to rank species according to their 
importance in the diet of roe deer; quality is thus 
determined by selection by the animal rather than 
empirical measurements made in a laboratory. 	Furthermore, 
pellets collected for faecal analysis may have' represented 
a biased sample of the diet of roe over the whole study 
area since many pellets were collected in the lower valleys 
and slopes. 	However, Calluna - Vaccinium grows mainly on 
the hill tops, and this group may have been under-
represented in the diet as a consequence. 
Despite these objections, it is unlikely that the 
energy values of 'the species sampled will have differed 
sufficiently to compensate for increased abundance in 
larger territories. 	Indeed, the smallest territories 
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mapped were located on the highest parts of the wood, 
where yield class is lowest due to poor soil and altitude, 
and the energy value of the species sampled may have been 
lower in these areas rather than higher. 
It is probable that the measures of species abundance 
taken within sub-compartments are a realistic assessment of 
the food content of roe deer territories, and larger 
territories and home ranges contain more food than smaller 
ones. 	Furthermore, the food per unit area is not related 
to territory size, and so this evidence does not support 
the hypothesis that roe deer select territory size primarily 
in relation to food supply. 
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CHAPTER 4 
Habitat use by roe deer and the influence of habitat 
on territory and home range size 
Introduction 
In the previous chapter, it was shown that territory 
size in roe deer is not determined primarily by the 
abundance of key species. 	However, selection of habitat 
by roe may well involve factors other than the availability 
of preferred foods. 	For many animals, food may not be the 
only limiting factor which determines the dispersion of 
individuals, and for an animal like the roe deer, physical 
habitat components may be as important to the animal as its 
food supply. 	Habitat components for roe have been 
considered jointly (eg. Mishra 1972) or as individual 
components (eg. Cumming 1966). 	There has, however, been 
no study in which the effect of habitat has been considered 
in relation to a well studied population of roe. 	Mjshra's 
work was largely theoretical and was related to crude 
information on roe deer densities supplied by the Forestry 
Commission. 	Cumming (1966) took measurements of wind 
velocity within woodland, and his conclusion that shelter 
is not an important factor determining roe dispersion 
within forests is accepted here. 
In this chapter, two types of habitat measure are 
discussed: in the first section, the use made by roe of 
various habitat types and the possible influence of these 
habitat types on territory sizes; in the second section, 
the importance of horizontal visibility on the maintainance 
and size of roe deer ranges. 
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The use of habitat types within Glentress 
General approach 
Since direct observations of forest deer are very 
difficult, most authors who have worked on deer and their 
habitat in Europe and America have relied on indirect 
methods such as pellet group counts or occasionally radio 
tracking. 	Pellet group counts have been widely used in 
America (McConnell and Smith 1970), N. Zealand (Riney 1957), 
Britain (Batchelor 1960 2 Thompson 1967 and Henry 1975) and 
on the continent (Dzieciolowski 1976) as an index of 
habitat use by cervide. 	Studies in Scotland on other 
groups of animals are also reported. 	Miller (1968) used 
pellet groups as a method of determining feeding preference 
by grouse, mountain hares and rabbits for heather moorland 
which had been fertilized in plots with varying amounts of 
P and K. 	( He found that there was a strong selection by 
grouse in winter for heather high in K and by rabbits and 
hares for K and P.) 	Hewson (1976) also used pellet groups 
to examine selective feeding by grouse, red deer and 
mountain hares on various age classes of heather, ranging 
from pioneer to mature. 	His findings suggested that 
generally deer and hares used different classes of 
heather, for browsing, with deer selecting more mature 
stands. 	Thompson (1967) 9 in a study of the Glentress roe 
population found that there was a close correlation between 
pellet group density and the availability of browse species, 
vegetation type and degree of cover. 
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Ruminating animals in general feed to a constant 
fill of the rumen; defaecation rates are determined 
by the size and type of rumen and by the retention times 
for various foods. 	Within a species, variations in 
rumen structure are unlikely to be important and the 
principal factor determining differences in defaecation 
rates in roe deer will be variations in food retention 
time. 	Ratcliffe (pers. comm.) suggests on the basis of 
pellet counts of a penned roe deer fed a wide.variety of 
different foods that defaecation rates may be constant - 
at approximately 20 per day. 
The suggestion by McMahan and Inglis (1974) that 
pellet groups cannot be used as an index of habitat use 
between seasons because of different defaecation rates is 
probably an unrealistic criticism of this method when 
applied to cervids in general. 	Indeed, Neff (1968) stated 
that although there may well be some difference in seasonal 
defaecation rates, pellet groups can still be used as a 
reliable index of habitat use by deer, both between 
seasons and within habitats. 	Support for Neff's view 
comes from a study of the winter range of the mule deer 
(Odocoileus hemionus) by Andersen et al. (1972a). 	These 
authors compared the frequency distributions of deer 
pellet groups and a number of site factors which were 
measured on sample plots, and they found that the principal 
food supply for the winter was closely correlated with 
pellet numbers, (although in another paper, Andersen et al. 
1972b) they stated that there was probably no simple 
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relationship between the production and use of the key 
winter food and deer density). 
At Glentress, roe deer could clearly be seen using 
habitat types differently throughout the year. 	In the 
winter, a large number of sightings were made of roe 
feeding in mature stands on ferns or on trees planted 
within the EUEA regeneration groups. 	Since habitat, 
rather than food alone may be the crucial factor 
determining dispersion, it was decided to measure the use 
that roe made of defined habitat types using pellet group 
counts. 	These pellet group counts could then be used to 
allocate 'values' to roe deer habitats, so that the 
influence of habitats ranked by value could be examined 
in relation to the dispersion of roe at Glentress. 
Description of habitat types 
The structure of most coniferous forests in northern 
Britain can be defined in terms which are generally 
applicable to all forests. 	Thus, the terms clear-fell, 
young plantation, thicket, pole-crop and mature board type 
timber stands are recognised throughout the forestry 
industry. 	Glentress differs from other state forests in 
that part of it is currently being converted into a mixea 
age-class/species forest, but much of the forest is still 
being managed along traditional forestry lines. 	The 
following plantation types are described for Glentress. 
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Type 1) Windthrow. 	Much of the low lying valleys 
in Glentress have been subject to windthrow. 	In 1974 
and 1975 heavy gales blew down much of compartment 6, and 
part of C 7. 	Windthrow areas in Clentress were highly 
disturbed since priority was attached to extracting the 
timber as quickly as possible. 	The 1974 windblow took 
four months to clear, during which time no deer were seen 
in the lower valley. 
Type 2) Open ground. 	This type covered all areas 
which were unplanted, or had been planted and which had 
subsequently failed. 	Open ground habitat was commonest 
to the south of wood where windthrown trees had been 
removed and the ground was awaiting a new crop. 	A few 
small patches were to be found in the rest of the study 
area where crops had failed. 
Type 3) Young plantation. 	The category covers all 
conifer crops up to 11 years of age. 
Type 4) Thicket plantation. 	This covers all crops 
from 11 years to 20 years. 	During the thicket stage, 
light is reduced until at the end of the period, virtually 
no light reaches the forest floor and ground vegetation is 
eliminated. 	The definition of thicket within the forestry 
industry is arbitrary, and the length of time that a crop 
remains in the thicket stage is dependent upon growth rate, 
species type and tree density. 
Type 5) Pole-crop plantation. 	In the pole-crop 
stage, light is cut from the forest floor, and vegetation 
is reduced to bryophytes and, in gaps in the canopy, very 
small clumps of soft grasses and ferns. 
154. 
Type 6) Mature thinned. 	This category covers all 
mature stands of timber which have been thinned. 	The 
thinning allows light to the floor, and vegetation is 
usually well developed. 	Category 6 habitat types were 
mainly Douglas Fir and larch groups planted in 1926 which 
had in places developed an extensive ground flora. 
Type 7) Mature thinned and underplanted. 	The main 
tree crop in category 7 types was the same age category 
as in type 6, but a secondary crop of young trees had been 
established under the main canopy. 	Type 7 habitat is 
found in the EUEA, again mainly under larch and Douglas 
fir stands. 	In places, the distinction between type 6 
and 7 became blurred because the stands outside the EUEA 
had been underplanted, whereas areas within the EUEA 
frequently have little understorey since the conversion 
to a mixed forest is not yet complete. 	All areas of 
type 6 habitat within the EUEA were automatically 
allocated to type 7, and all areas outwith the area to 
type 6. 	In practice, the only serious anomalies arose 
in C218 and 219 and these were over small areas. 
The groups of young trees within the EUEA comprise 
small pockets of types 3 and 4 habitat within another 
habitat type. 	Since assessment of these areas was an 
impossible task, all areas under - acre (0.1 ha.) were 
ignored, the habitat type for that area being determined 
by the surrounding forest type. 	This eliminated all of 
the small areas of young plantation within the EUEI%, but 
included a few small areas in the rest of the wood. 
0.1 ha. was therefore selected as the 'grain size' of the 
habitat. 
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PLATE 4. 	Type 6 habitat. 	Note small groups of 
Abies either side of the road 
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PLATE 5. 	Type 7 habitat. 	Note well developed 
fern layer (Thelypteris) under mature trees 
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Map 16 	The distribution of 7 habitat types at 
Glentress - see text for explanation of 
symbols. 
158. 
hap 16 	The distribution of 7 habitat types at 
(-contd.) Glentress - see text for explanation of 
symbols. 
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A habitat map was prepared by taking a standard EC 
stock map (See Map I), increasing the scale to 1:5280, 
re-tracing compartment boundaries and repositioning sub-
compartment boundaries from the map or mapping on the 
site since some of the sub-compartment boundaries were 
inaccurate. 	Aerial photographs of the north of the wood 
(taken by myself from a helicopter) were also used for 
mapping within compartments 208, 209 and 211. 	A reduced 
1:10560. copy of this map is presented in Map 16. 
Pellet counts : Methods 
In order to determine how many plots would be 
required effectively to sample the area for pellet counts, 
a preliminary survey was carried out in six habitat types. 
(Type I was not surveyed). 	A plot size of 10 x lOm was 
selected as the area to be searched. 	In the preliminary 
survey, a 50 x 50m. grid was layed over the area and 
random X and Y co-ordinates selected until two locations 
were obtained in each habitat type. 	This position was 
then located within the forest as accurately as possible, 
and the plot then set up 25 metres away, the direction 
being set by a second hand on a watch. 	All plots were 
set NSEW by compass. 	The method used to locate the 
preliminary plots was also used to locate the permanent 
plots. 
160. 
Within each of the survey plots, all groups of 
pellets were recorded and no lower limit set as to the 
number of pellets needed to constitute a group. 
Although it was felt that difficulty would be experienced 
in distinguishing one group of pellets from another within 
the same plot, in practice pellet groups were normally very 
distinctive (colour, size and shape) so that even on the 
most heavily used sites, confusion of groups was rare. 
The results of the preliminary survey are presented in 
Table 27, using Neff's formula (Neff 1968) - 
N = S 2 x t 2 	where s2  is the variance, t is 
the value at n-I df. 
at 
 the 0.05 
/ 	significance level and x is the 
mean pellet count 
Assuming that the accuracy required (d) is 10% (0.1), the 
number of plots needed was calculated at 117. 	It was 
therefore decided to locate 120 plots within the study 
area with the number of plots being set by the proportion 
that each habitat type occupied in the forest, (see Table 
29). 
The plots were set up in the late winter of 1974, 
and permanently marked with short bamboo canes and colour 
flashes on trees. 	18 plots located near to paths much 
used by the public were re-located. 	Initially, it was 
intended to have four sampling periods; spring 1 75, 
summer 175 autumn 1 75 and winter 1 76. 	However, the 
plots took a considerable time to sample, and as a result 
measurements were made only over the spring and summer 
periods. 	The plots were cleared at each count. 
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Preliminary plot survey 
Habitat types 2 3 	4 5 	6 	7 
Pellet group counts 5 4 	1 0 	3 	4 
3 6 	0 0 	4 	5 
Variance = 3.22 
= 3.66 N = 	S 2 	. t 2 	= 	117 
t 	= 2.2 ( . 	d 	
)2 
d 	=0.1 
Location of plots 
Habitat types 
	 2 	3 	4 	.5 	6 	7 
Weighting 
	 28 	58 	11 	59 	76 	92 
No. plots 
	 15 	25 	5 	15 	25 	35 	120 (Total) 
Table 29. 	Preliminary survey and location of plots. 
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Although the sampling interval was fixed at two 
calendar months, the plots took approximately 10 days 
to sample; consequently the measurements of defaecation 
rates in spring and summer on different habitat types is 
staggered by 10 days. 	The pellet plots were always 
sampled in the same order, so that the sampling interval 
for each plot was constant. 
During each sampling period, pellets were removed 
from the ground. 	Since pellets may not survive the 
interval between sampling on open ground, ten fresh 
pellet groups were located on the open plantation type 
habitat (3), since it was felt that this type of 
plantation was the most prone to pellet loss. 	The 
pellets were checked after 61 days in June and 9 of the 
10 groups were still clearly visible. 	The other group 
had almost completely disappeared. 	This plot was 
located on wet ground (Holcus sp. grassland) and beetles 
(Histeridae) were seen on the pellets in May. 	Thus, 
although it is assumed that pellets survive the sampling 
interval, some groups may have been destroyed by the 
weather or insects. 
Results of pellet counts and the allocation of 
values to habitats 
The results for the pellet group counts are presented 
in Table 30 and Appendix 3.. 	It can be seen that the 
young plantation type habitat type 3 was the most widely 
used in both the spring and the summer. 	The thicket and pole cro 
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Table 30. 	Results of Pellet Counts in habitats 2-7 
Habitat type 
2 	3 	4 	5 	6 	7 
Spring 	2.9 	3.9 	1.2 	0.5 	3.4 	3.1 
Mean Pellet group 
Numbers: 	 Summer 	3.7 	4.1 	0.6 	0.9 	2.6 	2.3 
(See also appendix 3) 
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type categories both recorded low pellet densities. 
This is perhaps surprising, since type 4 habitats would 
normally be expected to include a large amount of 
plantation still available to roe for feeding. 	However, 
the age class of type 4 is such that much of it is well 
advanced, with a mean age of approximately 18 years, and 
in terms of the presence of ground vegetation, types 4 and 
5 are very similar to one another over much of the study 
area. 
Although there were few major differences in use of 
the 6 habitat types in spring and summer, higher counts 
were obtained in the spring on mature crop types (6 and 7), 
and this was probably due to heavy use in this period of 
the three key species, (Dryopteris, Picea abies and 
Holcus), all of which were common under these stands. 
The higher use of type 2 in the summer is probably due 
to roe moving out to feed on young shoots of Epilobium 
which had colonised these areas. 
The areas of habitat types 2-7 in each territory and 
home range were measured, (see Tables 31 and 32). 	No 
assessment was made in type 1 because very little wind-
blow penetrated into the territories and those trees 
which were blown were quickly cleared. 	These areas were 
then multiplied by a weighting factor - as determined by 
roe feeding pressure in spring or summer - and the 
resulting values added to give an overall habitat value 
for each territory. 	These data for minimum polygon 
territories for bucks in 1974 and 1975 are presented in 
Table 	31. Surface Area of each habitat type - 1974 Buck Territories (Minimum polygon) 
Deer Number 
Habitat types 1 2* 3 4 5* 6 7 8 9 10 11 12 13* 15 
1 0 0 0 0 0 0 0 0 0 0 0 0.4 0 0 
2 0.5 0 0 3.84 0.99 0.86 0 0 0 0.5 0 0.86 0.83 0.10 
3 0 0 6.64 6.21 0 1.04 0.57 0 0 6.74 2.3 0 0 2.6 
4 0 0 1.4 1.58 0.5 0.5 0 0 0.43 0 0 0.25 1.4 0 
5 0.36 0 0.75 2.26 0 8.1 1.94 3.91 1.76 1.9 5.9 0.75 0 2.6 
6 5.39 0 1.76 7.75 1.08 10.5 0 0.79 0.72 0 1.07 1.15 1.17 3.2 
7 3.70 3.8 6.6 0 0 0 5.85 3.98 2.15 1.05 3.37 3.3 0 7.35 
Total Area 9.45 3.8 17.2 21.6 2.6 21.0 8.4 8.7 5.1 6.4 12.6 6.7 3.4 15.9 
(ha) 
* 'Fringe' bucks 
Table 	32. Surface area of each habitat type - 1975 Buck Territories (Minimum Polygon) 
Deer Number 
Habitat type 1 3 24 6 12 13 15 23 20 25 
2 0 0 7.2 0.3 2.1 8.5 0.26 0 0 0 
3 0.9 8.2 6.0 1.7 0 0 5.6 3.2 0.24 1.6 
4 0 2.5 0 1.5 0 0.47 0 0 0 0 
5 0 2.7 0 11.7 0.9 2.7 3.4 1.4 1.1 4.7 
6 4.4 2.6 6.21 9.8 0.49 8.6 5.1 0 0 1.1 
7 9.3 9 1 1 0.4 0 2.0 0.11 11.9 7.3 7.1 2.3 
Total Area 14.5 25.1 19.8 25.0 5.5 20.4 26.3 11.9 8.4 9.7 
(ha) 
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Tables 33-36. 	For reasons of space, no data from doe 
home ranges or buck adjusted minimum polygon territories 
are presented since the general conclusions which derive 
from the ranking of habitats were the same for both 
sexes and both types of territory assessment. 	The 
results of the habitat weightings plotted against 
territory size are presented in Figures 13-14. 	(Only 
the data from Tables 34 and 35 are shown). 
It can be seen from Figures 13-14 that ranking of 
roe habitat in terms of their importance to deer makes 
little difference to the general conclusion drawn in the 
previous chapter; namely deer with large territories 
appear to command more resources than deer with small 
territories. 	In Figures 13 and 14 the data for fringe 
bucks has not been presented, although inclusion of these 
data would not have made an appreciable difference, 
(r < 0.91 for all 1974 bucks, r < 0.87 for only the 
territorial bucks). 
The ranking of roe habitat according to pellet groups 
can be criticised in 2 ways: 
1) Ranking according to pellet counts may miss 
components in a habitat which may not be 'used' at a high 
level, but may none the less be essential to the animal. 
An obvious factor which may be undervalued using this 
method is escape cover. 	The presence of escape cover 	is 
probably an unimportant factor determining the dispersion 
of feeding roe at Clentress, and evidence to support this 
argument is presented in Appendix 4. 
Table 33. 	The weighting of habitat types for 14 minimum polygon buck territories in 1974 
in terms of the use made of these habitats by roe deer in the Spring 
Buck No. 
Habitat type 1 2* 3 4 5* 6 7 8 9 10 11 12 13* 15 
2 	(x2.9) 1.5 0 0 11.1 2.8 2.6 0 0 0 1.5 0 2.5 2.4 0 
3 	(x3.9) 0 0 25.9 24.2 0 4.1 2.2 0 0 26.3 8.9 0 0 10.1 
4 	(xl.2) 0 0 1.7 1.9 0.6 0.6 0 0 0.5 0 0 0.3 1.7 0 
5 	(xO.5) 0.2 0 0.4 1.1 0 4.0 1.0 2.0 0.8 0.9 3.0 0.4 0 1.3 
6 	(x3.4) 18.3 0 6.0 26.4 3,7 35.7 0 2.7 2.4 0 3.6 5.1 3,9 10.9 
7 	(x3.1) 11.5 11.8 20.5 0 0 0 18.1 12.3 6.6 3.3 10.4 10.2 0 22.8 
Total Score 31.5 11.8 54.5 64.7 7.1 46.9 21.3 17.0 10.3 32.0 25.9 18.5 8.0 45.1 
Territory Size 	(ha) 9.45 3.8 17.2 21.6 2.6 21.0 8.4 8.7 5.1 6.4 12.6 6.7 3.4 15.9 
r 	 p 	Slope 
All Bucks 	+0.931 	0.001 	2.66 	Regression of total habitat score against 
Less fringe 	 territory size. 
bucks 	+0.898 	0.001 	2.60 
* Fringe bucks 
S 
Table 34. 	The weighting of habitat types for 14 minimum polygon buck territories in 1974 
in terms of the use made of these habitats by roe in the summer 
Buck No. 
Habitat type 1 2* 3 4 5* 6 7 8 9 10 11 12 13* 15 
2 	(x3.7) 1.85 0 0 14.2 3.6 3.2 0 0 0 1.85 0 3.2 3.1 0.4 
3 	(x4.12) 0 0 27.3 25.5 0 4.3 2.3 0 0 27.7 9.5 0 0 10.7 
4 	(xO.6) 0 0 0.8 0.9 0.3 0.3 0 0 0.3 0 0 0.2 0.8 0 
5 	(xO.86) 0.3 0 0.6 1.9 0 6.9 1.6 3.3 0.7 1.6 5.1 0.6 0 2.2 
6 	(x2.56) 	. 13.8 0 4.5 19.8 2.7 2608 0 2.0 1.8 0 2.7 2.9 2.9 8.2 
7 	(x2.3) 8.5 8.7 15.2 0 0 0 13.5 9.2 4.9 2.4 7.8 7.6 0 16.9 
Total Score 24.5 (8.7) 48.4 62.3 (6.6) 41.5 17.4 14.5 7.7 33.5 25.1 14.5 (6.8) 38.4 
Territory 	size 	(ha) 9.45 (3.8) 17.2 21.6 (2.6) 21.0 8.4 8.7 5.1 6.4 12.6 6.7 (3.4) 15.9 
r p Slope 
All Bucks 	+0.912 0.001 2.48 Regression of total 	habitat 
score against 
Less fringe territory size. 
bucks 	+0.873 01001 2.40 
* Fringe bucks 
Table 35. 	The weighting of habitat types for 10 minimum polygon buck territories in 1975 









Territory size (ha) 
Buck No. 
1 	3 	24 	6 	12 	13 	15 	23 	20 	25 
0 0 20.8 0 1 9 6.1 24.7 0.9 0 0 0 
3.5 32.0 23.4 6.6 0 0 21.8 12.5 0.9 6.2 
D 
0 3.0 0 1.8 0 0.6 0 0 0 0 
0 1.4 0 5.9 0.5 1.4 1.7 0.7 0.6 2.4 
15.0 8.8 21.1 33.3 1.7 29.2 17.3 0 0 3.7 
28.8 28.2 1.2 0 6.2 0.3 36.9 22.6 22.6 7.2 
47.3 73.4 66.5 48.5 14.5 56.2 78.6 35.8 23.5 19.5 
14.5 25.1 19.8 25.0 5.5 20.4 26.3 11.9 8.4 9.7 
r = +0.918 	 p <0.001 (Slope = 2.73) 
Regression of total habitat score against territory size. 
Table 36. 	The ueinhtinq of habitat types for 10 minimum polyqon buck territories in 1975 
in terms of the use made of these habitats by roe deer in the summer 
Buck No. 
Habitat type 1 3 24 6 12 13 15 23 20 25 
2 	(x3.7) 0 0 26.6 1.1 7.8 31.5 0.9 0 0 0 
3 	(x4.12) 3.6 33.8 24.7 7.0 0 0 23.0 13.2 1.0 6.6'- 
I- 
4 	(xO.6) 0 1.5 0 0.9 0 0.3 0 0 0 0 
5 	(xO,86) 0 2.3 0 1001 0.8 2.3 2.9 1.2 0.9 4.0 
6 	(x2.56) 11.3 6.6 15.8 25.0 103 22..0 13.0 0 0 2.8 
7 	(x2.3) 21.4 20.9 0.9 0 4.6 0.3 27.4 16.8 16.3 5.3 
Total Score 36.3 65.1 68.0 44.1 14.5 56.4 67.2 31.2 18.2 18.6 
Territory size (ha) 	14.5 25.1 19.8 25.0 5.5 20.4 26.3 11.9 8.4 9.7 
r = +0.902 	 p4 0.001 (Slope = 2.51) 

























The relationship between the sum of six habitat types, 
each ranked according to mean deer usage in the summer 
and minimum polygon territory size for bucks in 1974. 
See also tables 33-36 
(r = +0.873 	p < 0.001). 
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Figure 14. 
The relationship between the sum of 6 habitat types, each 
ranked according to mean deer usage in the spring, and minimum 
polygon territory size for bucks in 1975. See also tables 33-36 
(r = +0.918 	p < 0.001). 
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2) Ranking of habitat use is based on measurements 
made throughout the study area, and is a measure of the 
average use of habitat by roe. 	However, some habitats 
are absent from particular buck territories, and as a 
consequence the animal may use other habitats in a 
different way from the meant level of usage through 
the forest. 
The advantage of using pellet groups as a method of 
allocating values to habitats is that it provides an 
index of feeding use which probably bears more relation 
to the actual movements and dispersal of roe deer than 
measurements of abundance of key species. 
One clear example where allocation of food values 
to territories or home ranges bears no relation to their 
actual value concerns the moorland to the east of the 
wood. 	This moor had extensive areas of Calluna-Vaccinium, 
two species much selected by roe in the main forest. 
Throughout 1974, no sightings were made of roe deer using 
this moor, despite a stalking route which covered part of 
the lower moorland opposite compartment 10 at least twice 
a week. 	This open ground was ploughed in 1975, and the 
heavy plough furrows reduced the available food supply 
by at least 50%. 	Despite this, roe were seen using the 
moor very soon after the plough had finished work, and 
several deer resident in the wood extended their ranges 
out onto the moor. 	Clearly, a minimum threshold of cover 
must exist before 	roe can use a habitat, and for the roe 
at Glentress, this threshold probably lies between open 
moorland and deeply ploughed ground. 
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Measurement of visibility in deer ranges 
Some evidence was presented in Chapter 2 suggesting 
that roe bucks at Glentress may defend much of their 
territory visually, and horizontal visibility for an 
animal as aggressive and territorial as a roe buck may 
be a crucial determinant of territory size. 	Visibility 
measurements are, however, difficult to make in a way 
which are relevant to the animal's behaviour. 	Three 
main problems arise in measuring visibility in an area 
like Glentress. 
Timing of measurement. 	Growth of ferns and 
grasses in the early part of the summer greatly altered 
visibility throughout the wood. 	Any measurement in the 
spring before this growth would record a very much higher 
visibility level than measurements taken in the late 
summer, and the relationship may have been different for 
different territories. 
Topography. 	In the central valley system of the 
wood, horizontal visibility is at times much reduced. 
However, although local vegetation restricts vision in the 
immediate vicinity, it is often possible to see over the 
tops of ferns and grasses down the valley system or onto 
opposite slopes. 	For instance local visibility for buck 
3 in 1975 at 'V' was very poor due to bracken and 
Dryopteris but many of the distant parts of his territory 
were visible over the top of the cover (see Map 11). 
Thicket and pole-crop. 	These areas effectively 
had zero horizontal visibility and on the evidence of pellet 
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counts were little used by roe. 
However, some territories had large areas of these' 
crops, and in places they completely bisected a territory 
so that the animal had to commute through them from one 
open habitat to another. 	Bucks 6, 25, 4 and 24 were 
frequently seen entering an-area of thicket or polecrop, 
to re-appear on the other side a short while later to 
continue feeding. 
Measurements of visibility were made by locating 
(using a grid on a 1:5280 map), thirty random points in 
each mapped range. 	These points were then located on 
the ground and the horizontal visible distance at one 
metre height was estimated for north, south, east and 
west, the visibility at that point being expressed as 
the mean distance visible (in metres) for the four 
directions. 	Visibility indices for buck and doe ranges 
were obtained by calculating the mean visibility scores 
for the thirty point locations. 	Where a random point 
location fell onto an area of thicket or pole-crop (on 
the map) zero visibility was scored and this result used 
in the final computation of visibility. 	However, since 
visibility in open feeding areas may be more important to 
the deer than visibility in the whole territory (or home 
range), visibility indices have been calculated for the 
open areas alone, thereby excluding the contribution from 
the zero visibility scores in thicket and pole-crop 
habitat types. 	(These two types of measurement are 
presented in Tables 37 and 38). 
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Roe bucks normally became aggressive at least two 
months before the vegetation developed at Glentress. 
It was therefore decided to measure visibility in 
territories and home ranges between January and April, 
when vegetation was low. 	Measurement of visibility was 
made in 10 buck territories and 9 doe home ranges for 
1975. 	(Doe 9 was not assessed because her range had 
extended far out onto the moor). 	The upper limit of 
visibility was set at 300m for any direction. 	This was 
necessary because a few measures extended an unrealistically 
large distance horizontally and the data would have been 
distorted as a consequence. 
In order to provide a comparison of doe and buck 
ranges, measurements were confined to minimum polygon 
estimates for ranges of both sexes. (Measurement of 
visibility in AMP territories would have reduced the mean 
visibility for the territory since AMP's tend to increase 
the area of thicket with zero visibility). 
The results for the visibility measures are presented 
in Tables 37 and 38 and shown graphically in Figures 15 and 
16. 	Regression analysis suggests that for adult buck 
territories there is a relationship between territory size 
and horizontal visibility in that larger territories appear 
to have higher visibility than small territories. 	The doe 
home range data show no such relationship. 
178. 
Table 37. 	Visibility indice: 	adult buck territories 
at Glentress in 1 1. 	 minimum po1yons). 
See also figure 16 
Deer Territory Visibility 
Size index 	(m) 
1 14.5 '61.2 
3 25.1 73.4 
24 19.8 32.2 
6 25.0 59.1 
12 5.5 29.1 
13 20.4 104.0 
15 26.3 111.0 
23 11.9 33.9 
20 8.4 58.4 
25 9.7 44.9 
No. 	of locations Open area 












Territory Size x Visibility Score 	 r= +0.640 p< 0.05 
Territory Size x open area visibility score 	r= +0.681 p < 0.02 
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Table 38. 	Visibility indices fo 
	
home ranoes 
at Glentress in 1975, lycons). 
See also figure 15. 
Deer Home range Visibility No. 	of locations Open area 
size index in type 4 & 5 visibility 
3 11.06 97.2 0 97.2 
4 12.1 99.1 0 99.1 
5 12.06 54.6 12 91.0 
6 13.0 77.9 0 77,9 
7 13.89 49.3 14 92.4 
8 5.92 61.4 0 61.4 
10 3.58 52.7 4 60.8 
11 2.62 39.6 12 66.0 
12 5.47 133.5 7 174.0 
r values 
Home range size x Visibility score 	r = +0415 	ns 

























Figure 15. The relationship between doe home range sizes in 
1975 and visibility scores for these home ranges. 
(r = 0.115 9 p = ns). 
2 	 4 	 6 	 8 	 10 	 12 	 14 



















I I 	 I 
x 
I I 
5 	 8 	 II 	 14 17 	20 	23 	26 	29 
Tarr llory eize in ha. (MP) 
Figure 16. 
The relationship between the visibility scores for 'open type' 
habitats (1, 2, 3, 6 and 7) and minimum polygon territory size 
for bucks in 1975. 










Regression of buck territory size against 
visibility suggests that increased horizontal cover is 
correlated with low territory size and in the case of 
does, there is no such relationship. 	This may in part 
be due to the differences in data on dispersion of the 
two sexes. 	For instance, most of the recognisable does 
were located in the east of the wood - an area of high 
visibility. 	For this reason, the mean visibility for 
doe ranges is higher than the measures in buck 
territories. 
The measurements of visibility at Glentress were 
made without reference to geographical relief, despite 
the fact that for some bucks small areas of high 
visibility appeared to be crucial in territory defence, 
and from this one may conclude that geographical relief 
as well as visibility horizontal to the ground may be an 
important determinant of territory boundary. 	However, 
relief is more difficult to measure objectively than 
visibility, and no attempt at measurement was made in the 
study area beyond those discussed in Chapter 2. 
The relationship between visibility and territory 
size may be more direct in those species which rely on 
visual display to defend a territory, and settle on new 
territories each year. 	For instance, Watson (1964) showed 
that there is a relationship in red grouse between 
horizontal visibility, aggression and territory size. 
By scoring aggressive encounters with other cocks, Watson 
was able to measure the level of aggression of territorial 
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birds. 	He found that birds with high indices of cover 
were less aggressive and had smaller territories than 
birds which had territories in areas of high visibility. 
Cover and food for most browsing animals are closely 
related. 	Indices of aggression could not easily be 
calculated for roe bucks (or does) in the same way as 
Watson was able to do for red grouse, and it might be 
argued that measures of horizontal visibility may simply 
reflect an increase in density of food supply. 	This is 
unlikely, because horizontal visibility at Glentress was 
usually limited by thicket stands of conifer or changes 
in slope. 	Furthermore, the main food species which 
limit visibility in open areas are young conifers which 
are still in reach of roe deer. 	Evidence in Chapter 3 
suggests that large territories have more young conifers 
than smaller territories and this would be expected to 
decrease, rather increase visibility in large territories. 
It is perhaps unrealistic to expect that there will 
be a close relationship between range or territory size 
and visibility. 	Roe are conservative, and once established 
on a territory/range may remain there for 5 or 6 years. 
During this time, growth of conifers could alter the 
physical structure of the habitat and so obscure any 
relationship between horizontal cover and range size. 
A more elegant solution to the problem would be to 
measure changes in mean territory and home range sizes 
for a single population over several years in a wood 
where the structure is changing—in a relatively uniform 
manner. 	This approach will be discussed in Chapter 5, 
when the Chedington data are considered. 
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Conclusion 
Although the ranking of different habitats has been 
used in some deer research, there appears to be no 
publication in which these ranked values have been related 
to range or territory size in a cervid. 	It is, however, 
frequently necessary to consider the habitat of an animal 
in terms other than its food supply, and the ranking of 
habitats by feeding pressure as measured by pellet group 
counts is as legitimate and logical as ranking food in 
terms of importance. 	The measures of food density and 
habitat value suggest that since roe deer with large 
territories/home ranges command more resources than deer 
with smaller sized territories or home ranges, territory 
size is not likely to be regulated primarily by the food 
resources available. 
Horizontal visibility in roe buck territories is 
correlated with territory size, although it is not possible 
to state whether visibility influences territory size, 
directly by affecting the animal's ability to defend an 
area (since' vision is clearly important) or indirectly by 
reducing aggression (as in red grouse) because the deer 
cannot see neighbouring animals. 	This could be tested 
by counting scent marking rates for territorial bucks in 
different habitats; unfortunately the data from Glentress 
do not permit such an analysis. 
Doe home ranges are not related to horizontal visibility 
and the factors which influence the dispersion of adult 
females in a population are probably more complex. 	They 
will be considered in more detail in Chapter 5. 
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CHAPTER 5 
The dispersal and behaviour of roe at Chedington 
Study area 
Chedington wood in Dorset comprises some 113 ha of wood-
land, with three small adjacent blocks totalling 32.5 ha. 
The original forest of mature oak and ash was extensively 
thinned and underplanted in the early 1960's with conifers. 
By the mid-sixties the wood had become very open and much 
of the broad-leafed coppice had been removed, although 
restocked conifers (mainly Picea abies) had not yet developed. 
Sinëe 1966, however, the young conifer crop has 
developed, rapidly, and by 1971-1972 much of the wood was in 
an advanced thicket and in parts almost impenetrable due to 
extensive growth of bramble (R. fruticosus) along the edges 
of sub-compartments. 	Although weeding operations in 1972 
opened out the wood to a certain extent, by 1977 most of the 
conifers had closed canopy and ground vegetation was non- 
existent. 	Feeding areas in the wood are now restricted to 
rides, paths and a relatively small area (approximately 
10 ha) on the south bank of the wood. 	A full description 
of the wood and its vegetation is to be found in Hosey (1974). 
The marking of roe 
Roe at Chedington have been the subject of marking 
experiments since 1961. 	The initial intention of marking 
was to obtain fundamental information on the movements and 
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behaviour of roe deer, and the population has been used 
for several studies. 	Cumming (1966) did one year of 
field work on the population, followed by Bramley (1970a) 
who undertook an extensive study of reproduction and 
behaviour of the population. 	Since Bramley's work from 
1966-1968, observations have been made on the population 
by Mrs. Aylmer Francis, who kept extensive records of 
marked deer. 
By 1968, 71 deer had been caught and collared at 
Chedington, and a large number of kids ear-tagged. 	From 
1966 to the summer of 1976, a further 155 deer were caught 
either in the nets or tagged as kids, making a total of 231 
deer. 	Some of these animals were caught several times, and 
the number of captures from 1961 to 1976 was 346 animals. 
Since roe grow fast and achieve adult body weights in their 
second summer, a large number of deer caught and collared 
at Chedington were classified as adults of unknown age. 
(Body weight data from Chedington are summarised in Appendix 
1, page 78). 
Since 1968, no observations have been made on unmarked 
deer, and as a consequence the data do not lend themselves 
to a mark-recapture estimate of population size. 	Many of 
the observations by Mrs. Francis were made in the south of 
the wood, where viewing is a little easier. 	Despite these 
shortcomings, the data base is impressive with approximately 
4,000 sightings of known individuals over 10 years. 
Two specific topics will be discussed in this chapter. 
1) The settling of juvenile deer within the wood will be 
considered with a view to examining the dispersal of young 
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females in relation to their parental range. 	2) The 
changes in mean territory and home range size over 10 
years will be discussed. 
The dispersal behaviour of breeding does 
Although a large number of adult does have been caught 
and marked at Chedington, information on the movements and 
dispersal of their offspring is limited since relatively 
few kids were caught and ear tagged in the early summer. 
In a number of instances kids were marked in the first 
month of life, but the mother was unmarked. 	Ear-tags are 
generally difficult to identify in the field, and information 
on the ranges of unmarked mothers accompanied by ear-tagged 
kids is very limited. 	For this reason, the discussion 	here 
will be confined to those adult breeding does who were 
collared and were accompanied by marked kids. 	In some 
cases, kids were rarely caught and it was occasionally 
impossible even to count and sex unmarked offspring. 
Of the 107 does marked at Chedington, information on 
the production and fate of offspring is available for only 
29 breeding females. 	The data for these 29 femalesare 
presented in the form of family trees in Tables 40-44. 
Table 40 shows that even in the case of the most complete 
family tree (Doe 4) there are large gaps in the data where 
kids were not caught; in all, less than half of the kids 
produced by these 29 does were caught and marked as kids, 
and the number of kids produced is uncertain since does were 
OM 
Table 39. The rate of kids producted by 29 marked does 
Deer Established on 	Fate No 	No No 	c' No 
No. Parental Range Unknown Estbl. 	Estbl. Emigr. Emigr. 
4 - 	 2 2 3 1 - 
12 - - - 1 2 - 
15 - 	 2 1 - - - 
26 - - 2 - - - 
43 - 	 1 - - 2 - 
45 - - 1 - 1 1 
46 - 	 1 1 1 - - 
57 VI 2 1 2 1 - 
59 VI 	 3 - - - - 
60 - 5 2 2 2 - 
74 VI 	 - 1 3 1 - 
84 - 2 3 3 - 1 
88 x 	(Emi- 	2 - - - - 
grated as breeder) 
91 1 	 7 - - - - 
98 X 2 - 1 - - 
(In 	wood) 
100 VI 7 - - - - 
112 X 	 3+ - - - - 
(In 	wood) 
115 VI 2 - 1 - 3 
118 3 - - - 1 
132 VI 	 3 - - 1 2 
135 VI 3 - 1 - - 
136 VI 	 - - - - - 
142 - 3 - 1 - 1 
146 VI 	 2 1 1 - - 
150 VI 4 - - 1 - 
153 VI 	 2+ - - 3 
154 sI 2+ - - - - 
189 X 	(Emi- 	1 - - 1 - 
grated as breeder) 
201 - 	 3 1 1 - - 
Totals 64+ 16 21 16 9 
Key: - 	= 	Parental origin unknown 
V = Established on parental range 
X 	= 	Not established on parental range 
V91 (T) 
Kid(D) 
2K 	 2K(UM) 
9187(T) 4188(E) 1(UM) 
190(T) 	1K(Uri) 












1966 	t715(T), 	74(T) 
1967 	UM) 
19613 	90(T) 	 11a(i 
112(T 
1969 	130(E) 	 '141(E), 	140(T) 
1970 	i'(fl) 	 154(T) (D) 	153(T) 	 K(S) 
1971 	(o) 0163(T) 	(L) D 	 K(s) 
I 	 I 
1972 	K(S)(o) V(UM) 	?UM 	 9179(c)V(UM) 	(p) V(UM) 
I 	 I I I 	 I 1973 	- 4 died 	Last seen 	? 	 '191(C) 192(E) Last seen 
April I March 1974 	 Not 	 No kids seen 	 Last seen 
seen 5.5.74 
I I (P.1974) 1975 	 Seen 	 Kids killed 
once I 1976 	 Seen once(by ASh) 
Key 
T 	= Established in population as breeder 	 K 	= Kid 	 - 
E = Evicted or emigrated from population S.F.R. 	= Shot for research 
0 	= Died 	 P 	= Poached 









(o) 	 5183(T)3 
195(T) 	SUM 
7 
I Last seen May 74 
Seen once 
1 = Established in adjacent wood 
2 = Presumed daughter, collared as adult 
3 = Status uncertain. Probably established breeders 
Table 41 Life histories of the doe 12 clan. 
See table 40 for explanation of symbols. 
1966 	Collared 
1967 	987(E) 	115(T) 2 
1968 	S99(E). 	102(D) 
1977 
1969 	Died. February 	 3143(E) 
1970 9,145(0) 









1963 60 Born 
1964 
1965 	Stjii, 59(i) 
1966 ? 
1967 ? 




1971 AUM 	Sum ?um 	Sum 
1972 SLim, 	176(E) 178(E) 	180(E) 
1973 glg4(E) No Kids 
1974 (D) 2 5206(E) 	Sum 
Died I 
2K (0)3 1975 
1976 
1 = Data missing 
2 = Kid presumed dead 
3 = Kids killed by dog 
Table 42. Life histories of the doe 60 clan. 
See table 40 for explanation of symbols. 
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1965 






1970 	91 52(T) 	150(T) 
1971 	5165(1) 	 K(0) 
1972 	Sum 	175(E) 	 Sum ?184(T) 
I 	Died 
1973 S(UM) 	198(T) 	5197(E) 	UM 	Seen once 
I , '  
1974 	 Um JK.UM 
1975 	 2K 
I., 
1976 
1 = Killed in catch-up 1970 
2 = In poor health all life: no kids 
3 = Data not available 
Table 43. Life histories of the doe 84 clan. 
















Table 44. Life histories for 8 breeding does for which limited 























89 	V82 Sgo(i) 
SIR 	SIR 	SIR Data missing 
	
Table 44 	Life histories for 8 breeding does for which limited 





1965 	V46 collared 
as mature 
1966 	VUM 
1967 	592(T), 988(1) 
1968 	S.F.R. 	 2 
1969 	 3 
1970 




1975 	 Seen with 
2 Kids 
1976 
1 = Not pregnant 
2 = Seen being mated 
3 = (loved to adjacent wood 




I as mature 
586(E), 993(E) 	594 
Sum , 9109(s.F.R.) 9111(E), 9 125(E) 
I Last seen Nov. 
(s.r.n.) 
5 = Collar found 1975. Recent 
skeleton. May have been 
present all the time 
6 = Subjected to considerable 
aggression by Unmarked 









7 = All 3 deer probably 
emigrated In summer 
8 = Tagged but not collared 
S 
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often not seen on their range for 2-3 years, only to 
reappear when they were assumed to be dead or have 
emigrated. 
In Table 39 0 the production and fate of kids from 
these does is summarised. 	11 of these 29 does were 
caught and marked as adults and their mothers were unknown. 
Of the remaining 18 does, 14 had established on or 
immediately adjacent to their mother's range, two 
established away from the parental range (Does 98 and 112) 
and two females (Does 88 and 189) emigrated as breeding 
adults, one to an adjacent block of woodland, and the 
other to a wood approximately l km from Chedington. 
The settling of young does in relation to the parental 
range is best illustrated in the form of family range maps. 
In Maps 17-19 0 the home ranges of the three best studied 
does (Does 4, 12 and 84) and their offspring are presented. 
Although these ranges are shown as totalled lifetime ranges, 
it is important to point out that changes in range position 
can occur and in the case of Doe 4 her range shifted east-
wards from 1966 and 1973, (see Map 20). 
Although the data on marked does at Chedington are 
limited, it is clear that the dispersal of young (potential 
breeding) does is mainly limited to settling on or 
immediately adjacent . to their mother's range. 
It can be seen from Table 39 that a significant number 
of marked young males and females from these 29 does did not 
establish as breeding animals within Chedington and they are 
assumed to have emigrated, although they may well have died 
within the wood. 
Map 17. Lifetime ranges for doe 4 and 
her marked breeding dau9hters (El) 
and grand daughters (F2). 
DOE 112 (1970-71) F2 
OE 154 11971-2) F2 
98 1968-73 ........ 
    




DOE 118 1988-74 
DOE 97 
-DOE 153 J1071-1975) F2 
DOE 74(1967-/0) FA 
I—i 
DOE 4 All sightings 1966-73 
Map 18. 	Lifetime ranges for doe 12 and her 
marked breeding daughter (ii), grand 
daughter (F2), and great grand 
daughter (F3). 
X = Doe 12 found dead 
DOE 146 1970-74 Fa 
4 	 100 mel.s 
) 
•\.f\ ) 
.t I • NI 
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DOE 115 1967-76 Fl 
\ 	
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Map 20. The movements of Doe 4 at Chedington from 
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In terms of population dynamics, losses of marked 
females from Chedington are very similar to losses of 
males. 	In Table 45, the data from 129 marked deer are 
summarised. 	(Table 39 only contains data from marked 
breeding does and their offspring and these data are 
included in Table 45). 	It can be seen that similar 
numbers of bucks and does were lost from the population 
as one, two and three year olds. 	This suggests that the 
difference in sex ratio that appears to be a feature of 
natural roe populations may be partly due to the increased 
longevity of females rather than merely to an increased' 
settling rate of juveniles. 	Indeed, evidence in favour of 
this hypothesis comes from the data presented by Andersen 
(1953) from a shoot-out in a Danish wood, the age-class 
structure of males and females differing significantly, with 
males showing lower survivorship. 
At Glentress, aggression by adult does against their 
young female offspring was observed throughout the summer. 
The ability of young does to establish in a population is 
probably dependent upon the degree to which they are 
tolerated by their mothers. 	Does do not behave in a 
clearly territorial fashion. 	In the case of bucks, 
intruding males are chased hard to the boundary, whereupon 
the chase ceases; doe chases are frequently circular with 
the young doe often returning to the mother only to be chased 
away again. 
Clearly, the relationship between young does and their 
mothers is complex. 	The high level of aggression at kidding 
time co-incides with the disappearance of the majority of 
202. 
Table 45 • 	The fate of 129 * Marked deer at Chedington 
from 1965-1976. 
Lost as yearling male 	. 	 ..... ****e, * . 17 
Lost as yearling 	female 	 .... 0.00.00.0.0 17 
Lost as two 	year 	old 	male 	............................ 11 
Lost 	as two 	year 	old 	female 	.•..••••...•..••...••• .... 7 
Lost as three 	year 	old 	male 	•..•.••••.•••..••....••••. 3 
Lost as three 	year 	old 	female 	........................ 5 
Established as breeding 	animal 	and 
born in population 	(male) 	............................ 23 
Established as breeding 	animal 	and 
born 	in population 	(female) 	•......................... 21 
Established as breeder and first captured 
as adult male 	........................................ 12 
Established as breeder and first captured 
as adult female 	...................................... 13 
Note: The figures for loss may be inaccurate since some 
animals may still be present at Chedington 
undetected and others may have lost their tags or 
collars. 	Those animals lost from the population 
are assumed either to have emigrated or to have 
died. 




AA j 	 (—'s-10  
Feb Mar Apr May Jun Jul 	 Feb Mar Apr May Jun Jul Aug 
Figure iT. 	The dates last seen in the year after 
birth for all bucks and does who were 
presumed to have emigrated from Chedington, 
(1967-1976). 
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young females from the population. 	Indeed, there are 
differences in the date last seen of young deer in the 
Chedington population which suggests that does may 
generally leave later in the year than bucks at around 
kidding time (See Figure 17). 
Despite the fact that females do not display the same 
type of territorial behaviour as adult males, it is 
reasonable to suggest that the numbers of young females 
who can establish in a population are determined primarily 
by the behaviour of the adult breeding does. 	Bramley's 
work at Chedington from 1966 to 1968 showed that doe 
numbers are stable and that the removal of a breeding doe 
resulted in the establishment of a young non breeding doe. 
Doe numbers are probably regulated in a complex manner by 
doe-doe interaction, while in bucks the numbers that can 
settle is determined by the size and dispersion of mutually 
exclusive territories from which competing males are evicted. 
Long term changes at Chedington from 1967 to 1976 
One of the original purposes of setting up the marked 
population at Chedington was to obtain information on the 
.effect. that changes in forest habitat have on roe 
populations. 	The work by Bramley was undertaken at an 
early stage of the wood's development, and while the type 
of territorial system described may be of general 
application to most roe populations, the influence of the 
forest habitat on the dispersal of roe was not elucidated. 
Hosey (1974) suggested that ranges had decreased in size 
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since the study's inception, and that even within the time 
scale of his own study (1971 - 1973) some reduction in 
range size had occurred. 	This clearly needs further 
investigation. 	In this section, I shall consider the 
long term changes in territory and home range size that 
have occurred at Chedington from 1967 to 1976. 
Methods 
In Chapter 2, it was suggested that the relationship 
between range size and number of observations is generally 
asymptotic and that up to the asymptote the range size of 
an animal is dependent upon the number of times which it 
is seen. 	The development of a thicket atChedington has 
made observations difficult throughout much of the wood 
and deer can normally only be seen in very limited areas, 
such as road sides. 	This raises a major difficulty. 
A change in number of observations could lead to an 
apparent change in range size of individuals which bears 
no relationship to reality. 	While a change in range size 
might be expected to influence population density (ie. 
smaller ranges leads to a greater density) this cannot be 
checked at Chedington since a significant number of deer 
are unmarked and information on these unmarked deer was 
not gathered after 1968. 	Furthermore, it could be argued 
that even if these data were available, the results would 
be difficult to interpret.since a decrease in range size 
may not necessarily lead to an increase in density if a 
certain degree of inter-territorial space occurs in thicket 
forests. 
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At a theoretical level, these problems could be 
resolved by compensating territory sizes to make them 
independent of the number of times which the animal was 
seen. 	An appropriate method would be to use some form 
of 'covariance analysis'. 	In this analysis, the 
relationship between increase in range size and number of 
observations is plotted graphically, and the level at which 
further observations yields no further increase in range 
size is calculated. 	(I suggested in Chapter 2 that for 
the Glentress population this may require more than 20 
observations per deer). 	This curve could then be used 
to 'read off' true territory sizes and so compensate for 
limited numbers of observations. 	The difficulty with 
this approach is that it presupposes a) that the observer 
does not concentrate observations in a restricted part of 
a total range and b) that the likelihood of seeing a deer 
in any one part of its range does not depend on the 
habitat. 	Thus, the shape of the curve used to calculate 
territory size could be influenced by changes in ranging 
behaviour of the observer and the deer. 	This is probably 
the case at Chedington since a greater amount of effort 
was devoted to observing deer in the open areas to the 
south of the wood, and little information was obtained 
in thicket plantationsin the centre of the wood. 
Although these problems are theoretically soluble, it 
is difficult to correct for limited observational data and 
at the same time maintain biological reality. 	Thus, in 
the following section, the mean number of observations used 
to calculate range size is presented, but no attempt is made 
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at correction for the bias that may have been introduced 
due to limited data. 	This should be borne in mind when 
the long term work at Chedington is discussed in the final 
chapter. 
Quite apart from these difficulties, a further 
problem arises in the interpretation of the range size data 
from Chedington. 	Since the inception of the study, roe 
have moved out of the wood to feed in the late winter and 
early spring on the surrounding fields. 	Recently, (1973- 
1976) roe have moved out into these fields at dusk to feed 
away from their range within the wood. 	Although movements 
of roe out onto agricultural crops could be taken as an 
indication of food shortage within the main wood, it is 
likely that recent intensification of agricultural 
practices around Chedington has also influenced the 
behaviour of these animals. 	This raises the difficulty 	of 
whether these observations ought to be included in the 
range data. 	It is further complicated by the fact that 
animals who occupy discrete ranges within the wood frequently 
feed together (in quite large groups) on open fields, and 
even territorial bucks have been observed feeding in close 
proximity. 
The movements of adult deer out onto agricultural land 
is largely a winter and spring phenomenon, and by the time 
that resident deer become-aggressive and territorial, 
movements are restricted to the main block of the woodland. 
Since the behaviour of both sexes probably limits breeding 
density, it is logical to suggest that range assessments 
are more relevant to an understanding of population 
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regulation if they are restricted to measurements made 
within the wood. 	This is further supported by arguments 
which will be developed in the final chapter. 
Results 
The results of the change in mean territory and home 
range size for both sexes from 1967 to 1976 are presented 
in Table 46 and Figure 18. 	It can be seen that there has 
been an apparent decrease in range size for both sexes since 
the early work on the population by Bramley. 	The mean 
number of observations used to calculate range size each 
year are also presented for both sexes. 	There is no 
apparent relationship between range size and mean number 
of observations per deer for either sex. 	There has, how- 
ever, been a decline in the number of individual adult deer 
observed in the study area. 	This is probably due to 
several factors. 	During the period 1966-1968, observations 
were made on unmarked deer throughout the wood. 	Since that 
time observations have been generally restricted to marked 
deer, with more effort in the period 1972-1976 going into 
the south of the wood than the north. 	Furthermore, the 
catch rate at catch-ups from 1971-1976 has fallen steadily 
and deer are now very difficult to drive and net in areas 
of thicket. 
It is not possible to say whether a decrease in range 
size has resulted in an increase in population density. 
Information from the numbers of marked and unmarked seen 
Table 46. Chan 
	




Date [lean territory Number in [lean 	No. Mean home Number in [lean 	No. 
size for bucks sample S.D. observations range size sample S.D. observations 
(ha) per buck for does per doe 
(ha) 
1967* 8.7 9 2.81 24.2 8.0 16 1.56 21.5 
1968* 7.8 9 1.67 28.5 7.1 19 1.48 1913 
1969 6.8 8 2.30 29.2 6.5 8 2.51 21.2 
1970 6.5 6 2.91 22.9 4.7 9 2.31 17.5 
1971 7.8 9 3.01 17.5 4.9 14 1.10 19.6 
1972 4.9 9 2.10 21.9 4.2 10 1.36 23.7 
1973 4.5 8 1.37 19.6 3.9 8 2.15 20.4 
1974 4.7 7 2.00 23.6 3.8 9 2.00 21.9 
1975 3.9 7 1.85 17.5 3.6 8 1.95 16.3 









Figure 18. Long term changes in range size for adult bucks and does 
at Chedington from 1967-1976. 	See also table 46 
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Table 47. 	Field Sightings of roe deer at Chedington 
Date 	Total number seen, 	 [lean group size 
including unmarked 
deer 
1967 43 2.5 
1968 96 2.8 
1969 5 3.7 
1970 68 2.1 
1971 55 2.6 
1972 36 3.9 
1973 17 3.8 
1974 21 2.1 
1975 47 2.0 
1976 145 2.2 
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outwith the wood feeding in fields is ambiguous in this 
respect (see Table 47) and observations in these habitats 
probably have a strong element of observer bias. 
There has, unfortunately, been no consistent measure 
of changes in habitat at Chedington, and thus while it is 
probable that the development of the thicket layer is the 
cause of the decrease in range size of roe at Chedington, 
it is not possible to demonstrate it to measured changes 
in the habitat. 
Clearly, however limited, a knowledge of the changes 
in ranges of deer as a forest develops are crucial to an 
understanding of the ecology of roe. 	A complete discussion 
of these factors is, however, better postponed until the 
following chapter where. the effect of habitat on roe is 





Bramley (1970a) considered that the territorial and 
aggressive behaviour of the roe buck fulfilled the conditions 
which Watson (1967) considered necessary to show that 
territorial behaviou ,r limits breeding density. 	These are: 
1) that there must be a surplus of non-territorial animals 
who do not breed, 2) that animals are prevented from 
breeding (or holding territories) by the established animals 
and 3) that they are capable of breeding if given the chance 
by the removal of established animals. 
While Bramley was unable to demonstrate a suitable 
behavioural mechanism for the regulation of doe numbers, 
there is good evidence that the breeding density of female 
roe is controlled by habitat mediated by behaviour. 	Thus, 
the dispersal pattern of young does at Chedington, their 
emigration rates (see Chapter 5 and Appendix I), the timing 
of this emigration (co-incidental with high levels of 
aggression at kidding time), all strongly suggest that doe 
numbers are regulated by the aggressive behaviour of more 
dominant (and older) females in the population, although 
these behavioural interactions may be very subtle. 
Does are not territorial in the sense that they delimit 
boundaries which they mark out and defend; rather, their 
behaviour is best considered as an extended individual 
minimum distance. 	While their behaviour may differ from 
the adult bucks in the way in which spacing out isachieved, 
the consequences for population regulation are similar. 	It 
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is therefore logical to propose that the aggressive 
behaviour of both sexes limits breeding density. 
If the behaviour of both sexes limits their breeding 
density, it follows that those factors which influence 
range size also influence breeding density. 	For the roe 
buck, territory size can be considered as being regulated 
by the cost of defending a given area against the benefit 
of having the territory. 	If the territory is too small 
to support the animal at a time of food shortage, then the 
risk is starvation. 	Similarly, if the territory is too 
large to defend, then the cost is the loss of parts of the 
territory to a neighbouring animal. 	While a certain 
minimum area is required to provide sufficient food and 
other potentially limiting factors - such as bedding sites 
- benefits will accrue if larger territories are defended 
because more females will be encountered and presumably 
also mated, and this is clearly of selective advantage. 
Thus, the upper limit to territory size in roe bucks 
may be set by the practical problems of defending a 
particular habitat, and this may be closely related to the 
physical structures of the habitat rather than the food it 
contains. 	This hypothesis is supported by the evidence 
from visibility measures within buck territories at Glentress 
since larger territories are more open (and also presumably 
easier to defend) than smaller territories. 	Furthermore, 
the canopy closure at Chedington has resulted in a decrease 
in territory size for the roe bucks in that population. 
If roe bucks territory sizes are determined primarily by the 
physical structure of habitats, it would be unrealistic to 
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expect there to be any compensatory feedback between food 
supply and territory size, and this is supported by 
measures of food supply at Glentress and also Chedington 
(Hosey 1974). 
Measures of food supply within doe ranges at Glentress 
showed that range size is not determined primarily by the 
abundance of key food species; thus surplus resources are 
normally available within a doe range and these could be 
used by some of her female offspring. 	This is what 
appears to happen at Chedington. 
Clearly, there are fundamental differences between 
bucks and does. 	Bucks defend exclusive territories 
against other males and their reproductive success is 
directly threatened if these territories are reduced in 
size or overlapped by other males. 	Does, on the other 
hand, may well improve their fitness by tolerating at least 
some female offspring on their range, so long as this range 
can support them. 	A major conceptual difficulty arises 
in considering those factors which limit excessive settling 
by does and, clearly, some form of hierarchical behaviour 
must regulate doe numbers at Chedington. 
The Chedington data suggest that both sexes respond 
to changes in the physical structure of the habitat by 
taking smaller ranges because (presumably) visibility is 
greatly reduced. 	This creates two paradoxes. 
1) Female ranges at G1entress appear not-to be 
related to visibility, and yet the Chedington data suggest 
that females may respond to changes in habitat structure 
by taking smaller ranges. 	One resolution of the paradox 
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would be to propose that an increase in thicket restricts 
mobility (rather than visibility) and as a consequence 
doe range sizes are reduced. 	In addition, there are 
limitations to the degree with which one can compare 
results from two forests so different in structure as 
Chedington and Clentress. 
2) While the relationship between habitat and deer 
density is obscure, there is a body of evidence which 
suggest that habitats which are of poor quality in terms 
of nutrition have a lower density of deer than good 
quality habitats. Klein and Strandgaard (1972) 	suggested 
that soil fertility was a crucial factor. 	The deer 
density at Chedington is of the order of 2-3 times that 
of Glentress and the food habitat in terms of the presence 
of preferred species is also more suitable to roe. 
Picea abies is strongly selected (and severely damaged) by 
roe at Glentress, whereas although it is the main conifer 
planted at Chedington, it hardly features in the diet of 
the roe since other more strongly preferred species are 
present (Hosey 1974). 	This suggests that the food supply 
of a habitat does influence density, and yet in the 
previous paragraphs it is suggested that the crucial 
limiting factor for both sexes may be the physical 
structure of the habitat. 	The paradox is illusory, and 
can be resolved as follows: 
In any roe population, some deer will have large 
ranges, the upper limit of which may be set by visibility. 
The bottom limit to range size may be set by nutrition, 
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and a few deer in a population may be defending just 
enough resources for survival. 	The size of the minimum 
range size will affect the mean range size for the 
population. 	In poor quality habitats, the tolerable 
lower limit will be higher, the mean range size will be 
greater and the mean density will be consequently lower. 
Small sized territories may be held by young 
animals, of low status. 	Thus, Hosey (1974) showed that 
the range size of young bucks was much lower and located 
on poorer quality habitat than those of older males. 
The 4 fringe bucks at Glentress all held small territories, 
and one of them (buck 5, see flap 14) had a winter range 
which overlapped with the neighbouring buck, and a 
restricted summer range. 	Perhaps the summer range of 
buck 5 (2.6 ha) was inadequate to support him in the 
winter? 
A cost - benefit model of dispersion of roe 
populations assumes that roe deer with large territories 
gain benefit (fitness) by encountering and mating more 
females. 	This may not be strictly true. 	The 
observations of rutting at Chedington suggest that some 
males may be very much more successful than others in 
mating females, and 17 females at Chedington from 1968 to 
1975 were observed moving out of their normal range to a 
rutting site in another part of the wood. 	(The rut 
sites used by doe clans 4 9 12 and 84 are shown in flap 21). 
* Food does not necessarily need to be the lower limiting 
factor in all cases. 	For instance, the build-up of 
parasites could lead to selection against animals who 
live on very small ranges. 
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This need not reject the model, but it may modify it. 
Territoriality is strongly advantageous for those lucky 
individuals who have a territory on a rut site, and deer 
with large territories may, on average, be more likely 
to enclose such a site. 	However, within a population 
the relationship between territory size and mating 
success may not be linear. 	The work by Bramley (1970a) 
and also at Glentress suggests that the territories of 
roe bucks do not break down during the rut, and ritual 
rutting sites within a population may partially be a 
reflection of the previous evolutionary history of the 
roe deer. 
The roe deer is unique amongst the Cervidae in two 
respects. 	First, the type of territorial system with 
resident animals defending territories for life is 
similar to some carnivores, but so far is undescribed for 
any other species of deer. 	Secondly, the roe is the 
only member of the deer family to have delayed implantation. 
I suggest that the roe may have the type of territorial 
system which it does because the delay in . the implantation 
of the blastocyst permits animals to defend territories 
and also to give birth at time of food abundance. 	Other 
woodland deer species rut in the autumn and are not 
territorial. 	Perhaps the cost of defending a territory 
in the autumn exceeds the benefit? 
The emigration of non-territorial animals appears to 
be a basic feature of all healthy roe populations. 
Indeed, where emigration is restricted by fencing, breeding 
success, mean body weight and antler size all decrease 
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(Andersen 1961). 	Klein (1970) has suggested that the 
stability of roe populations is due to the fact that 
animals occupy 'islands' of favourable habitat surrounded 
by poor quality habitat into which they can expel 
unsuccessful animals, whereas North American deer have 
evolved to occupy the early successional stages of 
vegetation which are transitory in nature, and hence 
undergo considerable fluctuations in numbers. 	This may 
not apply to all roe populations, since it is generally 
assumed that roe are best adapted to the early successional 
stages of forest habitats (Batchelor 1960) and in 
commercial forestry rapid changes in habitat over large 
areas do occur. - There is, however, no evidence to show 
that roe populations in large even-aged forests in northern 
Britain undergo the same kind of fluctuations which appear 
to be a feature of some American populations of Odocoileus. 
Jarman (1973) presented a wealth of evidence to suggest 
that habitat is an important determinant of social behaviour 
in the antelope family. 	In this paper, the author suggested 
that antelopes with small body size need to select high 
quality vegetation (generally browse) and that such a. 
feeding style normally precludes feeding in large groups 
with conspecifics since such food resources are patchy and 
and resulting competition would be intolerable. 	Where such 
food resources are predictable, and at a sufficiently high 
density, defence of these resources is economically 
feasible and territoriality evolves (Brown 1964). 
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There is a considerable amount of indirect evidence 
to suggest that territoriality is, in general, related to 
the food requirements of a species. 	A large number of 
species show a positive correlation between body weight 
(either of individuals or a group) and range size, 
suggesting that species with large body weights need 
larger ranges to support them (ivicNab 1963). 	Furthermore, 
within species, where food is more abundant, territory 
sizes are often smaller. 	In the iguanid lizard for 
instance, Simon (1975) was able to temporarily reduce 
territory size by the addition of extra food. 
The idea that the nutritional requirements of a 
species influences its social behaviour may be of general 
application when large numbers of species are considered. 
It may not be true, however, within any populations where 
other selective forces (such as the requirement to mate) 
modify the effects of the habitat. 
Two general conclusions arise from the work at 
Chedington and Clentress. 	First, the relationship between 
habitat and deer density may be obscure, and detailed 
examination of the feeding ecology of single populations 
may be of little value in describing the forces which 
regulate roe density. 	Secondly, closure of canopy in 
forests may lead to an increase in roe density, rather than 
a decrease. 	Indeed, much of the very high levels of 
damage on re-stocked sites in second cycle forests could 
be explicable in terms of hitherto unsuspected high 
populations of roe deer. 
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There are a number of studies which show that the 
dispersion of territorial animals may often not be 
related to the food supply. 	For instance, in the tawny 
owl, (Strix aluco) the number of territories appears to 
remain constant from year to year, although vole numbers 
fluctuate (Southern and Lowe 1968). 	Similarly, the 
territorial system of the golden eagle is remarkably 
stable, despite considerable variations in the food supply 
between years (Watson 1957, quoted in Watson and Moss 1972) 
orbtueen areas (Brown and Watson 1964). 
Lockie (1966) suggested that fluctuations in the food 
supply of weasels had no influence on the territory size, 
and that each weasel held as much ground as it was capable 
of doing, irrespective of the food supply. 
Food supply is more likely to be related to territory 
size in monogamous territorial species which pair (either 
for breeding seasons or life). 	In these cases, there is 
no selective advantage in expending energy in defending 
a larger territory than necessary in relation to food 
supply, since such an action is unlikely to lead to 
increased reproductive success. 	In many cases, territory 
size in monogamous species can be shown to be closely 
controlled by the quality of the habitat. 	The best known 
case to date concerns research carried out by the red 
grouse unit of the Institute of Terrestrial Ecology at 
Banchory, Kincardinshire. 
Red grouse populations are limited by territorial 
behaviour. The early research of Jenkins Watson and 
Miller (1963) established that only the territorial birds 
222. 
were able to breed, the density of the breeding population 
being determined by the mean size of territory taken up by 
the cocks in the autumn, and fluctuations in breeding 
stock are directly attributable to variations in territory 
size. 	Mortality in grouse, occurs largely in the winter 
and falls principally on birds who fail to obtain 
territories in the autumn (Watson 1967). 	Within areas 
of similar climate differences in breeding densities are 
closely correlated with the cover of heather, and the mean 
age of the heather, more grouse being present on areas 
where a high proportion of the ground was covered with 
young heather (Miller, Jenkins and Watson 1966). 	In 
areas of moorland overlying base rich rocks, grouse 
populations are higher than in regions where the heather 
grows on base poor rocks, and the nutritive value of the 
heather is lower 	(Miller et al. 1966, Moss 1969). 
However, the relationship between territory size and 
food in grouse is far from simple. 	Experimental 
improvement of moorland by fertilizer - which makes 
heather grow faster and improves the nutritive value - 
resulted in a reduction in mean territory size and an 
increase in breeding density, but this reduction in 
territory size occurred a year after the fertilizer was 
added 	(Miller, Watson and Jenkins 1970). 	The details 
of this experiment are of interest, because they illustrate 
the danger of drawing simple conclusions from experiments 
which manipulate an anima1s food supply. 	In the 
experiment, all the birds on the experimental and control 
areas were shot by July, and the moor was recolonized by 
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birds reared elsewhere. 	That autumn, territories on the 
unfertilized areas were similar in size to the 
territories on the experimental area, despite the fact 
that the nutritive value of the heather on the 
experimental areas was higher. 	Next year, however, 
territories were approximately half the size on the 
experimental area, and the breeding stocks were double. 
In a further experiment (referred to in Watson and (loss 
1972) the grouse on the experimental area were not shot, 
but fertilizer was added later in the year so the egg 
quality was not affected via the hen's pre-laying 
nutrition, and as expected the breeding success that 
summer was no better on the experimental area than on the 
control. 	That autumn, grouse took smaller territories 
on the experimental area, and numbers the following 
spring increased. 	Watson and (loss (1972) suggested that 
this change in breeding density could be brought about 
either by the grouse responding to the nutritive value of 
the heather that autumn, or by being predisposed to take 
smaller territories as a result of better nutrition over 
the summer. 	The first possibility was ruled out by the 
first experiment, (Miller et al. 1970) which leaves the 
second. 	These results are important, because they 
illustrate that alterations to the plane of nutrition of 
a population can effect changes in aggression, which in 
turn affects the breeding density. 	Watsonand. (loss 
(1972) referred to changes in territory size operating via 
the plane of nutrition as 'the direct 	 In 
grouse however, a further affect also seems to be 
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important in determining the breeding density. 	The 
breeding success of a population (which varies from 0.1 
to 3.3 full grown young per old bird) is correlated with 
the breeding density the following spring, in that in 
years when the breeding success is good, young grouse 
are less aggressive than usual, and the density the 
following spring is higher, (Jenkins et al. 1967, Watson 
and Ililler1971). 	Watson and Moss (1970) have termed 
this as the indirect effect, and suggest that it may be 
due to a pre-determined quality factor in the eggs 
layed by hens living on moorland which has a high plane 
of nutrition. 
In the roe, knowledge of the nutritional requirements 
and feeding ecology are severely restricted. 	In general, 
studies have been marked by an absence of any assessment 
of the nutritive value of the food supply, and although 
quantitative assessments of roe food at Chedington 
(Hosey 1974), Hamsterly (Henry 1975) and Glentress were 
easier to perform in the field, they do not permit any 
direct comparison between different areas with different 
vegetative communities. 	This contrasts with the work 
in N. America, where a considerable effort has been 
devoted to understanding the nutritional requirements of 
wild deer, (Klein 1962 and 1965) with comparatively 
little research input into behavioural studies. 	Both 
Henry and Hosey suggested that the lack of good 
information on the qualitative aspect of roe food supply 
is a major shortcoming to our understanding of the biology 
of roe, and there is clearly a wide field of research 
225. 
available here. 
Finally, research on the interactions of the 
behaviour of an animal with its environment generally 
start with the assumption that animals always behave in 
a way likely to improve their fitness. 	It is frequently 
forgotten that much of our fauna has evolved in a very 
different environment from the present day, and nowhere 
is this more true than with large mammals in Scotland. 
The roe deer evolved in a habitat very different from 
the artificial forest which it now inhabits, and some 
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The Control of Roe Deer Populations: 
a Problem in Forest Management 
A. S. I. LOUDON 
Department of Forestry and Natural Resources, University of Edinburgh 
SUMMARY 
Population turnover and mortality is compared in three well-studied roe 
populations. Natural turnover in all three populations is approximately 25% per 
annum, and is confined mainly to an annual loss of one 'and two year olds caused 
by the territorial behaviour of the adults. In order to achieve a control of roe 
numbers, it is necessary to kill in excess of a quarter of their numbers each year. 
Selective shooting of young animals to reduce damage is unlikely to be effective 
and is almost certainly impossible to operate in practice. 
Research is required in two areas: 1. It is essential to know whether roe numbers 
can be reduced temporarily at critical times of the year when trees are vulnerable 
to damage, 2. the figure of a 25% cull is derived from unshot populations where 
immigration is almost non-existant. it is therefore important to know what effect 
heavy shooting will have on the dispersion and settling of young non-territorial 
animals. 
INTRODUCTION 
The roe deer has attracted a good deal of attention from foresters and managers 
of young woodlands because of the damage that these animals can do to young 
plantations. Roe management policies vary from area to area; in woods with large 
plantations of vulnerable species the main emphasis may be on control of damage, 
whilst other woods populated by roe bucks with good quality heads may be used 
for fee-paying hunters. Bramley (1972) defined three main objectives for a 
management policy: 1. Control of damage to trees, 2. Stalking, 3. Recreation. 
In this paper, I intend to discuss some of the problems of controlling natural 
roe populations in the light of recent research on marked populations in Denmark 
(Kalo), England (Dorset) and south Scotland (PeebleSshire). The Danish work is to 
be found in Strandgaard (1972). Descriptions of the research at Chedington are 
given partly in Bramley (1970a, 1970b, 1972) and partly as unpublished research 
results by Mrs. A. Francis analyzed by the author. The data from south Scotland 
derive from a 3-year PhD. study in Glentress forest, Peeblehire, by the author. 
POPULATION DYNAMICS 
Adult roe are highly territorial and, once established, may remain on a territory 
for many years. Territorial defence by adult males involves considerable aggression 
against non-territorial males and the territories are defined and defended by 
display (ground scrapes, fraying and scent marking, Chard 1964). Defence by 
females is less conspicuous but there is normally a high level of aggression against 
juvenile animals. Bramley (1970a) and Strandgaard (1972) refer to does as 
occupying a home range, but their strong site attachment and high summer 
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aggression coupled with the emigration of juvenile females justify the use of the 
term territorial. 
There is now very strong evidence that the density of natural roe populations is 
regulated almost entirely by the forced emigration each spring and summer of 
young non-established animals. Strandgaard (1972) quotes an average annual loss 
of 43% for 1-year-old males, and 63% for 2-year-olds and concludes that 'the 
only major reason for loss of 1- and 2-year-old males is emigration'. Similarly, at 
Chedington, Bramley (1970b) quotes an annual loss of 58% for non-territorial 
bucks (1- and 2-year-olds) against 17% for territorial animals. At Glentress, losses 
of l-year-olds were high (57% for males and 49% for females). The data from 
these three populations have been summarized in Table 1. 




% of 	% age 
population 	class 
Loss 2-yr.-old 
% of 	% age 
population 	class 
Loss 3-yr. & over 
% of 	% age 
population 	class 
Sex 
Kalo 92 43 8 -3 63 3 26 d 
1965-1967 4-4 32 0- 5 3 7 20 9 
Chedington 11 37 95 20 - 5 7 17 d 
1965-1968 - - - - 6 - 5 19 9 
Chedington 8 - 2 31 61 20- 3 55 15 - 5 d 
1965-1976 8 -4 34 3 -9 14 4 - 8 21 9 
Glentress 98 57 5 29 3 14 d 
1973-1976 8 -6 49 - - 6 17 9 
This table requires some explanation. The figures from Kalo have been taken from 
pages 72-5 of Strandgaard (1972). The losses expressed as a proportion of the total 
population are based on figures quoted in table 28 and refer to the fate of marked 
animals only. The unpublished Chedington results (1965-1976) are similarly 
based on data which derive from marked animals, although the problem of observing 
deer in the dense vegetation at Chedington makes interpretation of the data very 
difficult and for the last 6 years it has not been possible to be absolutely certain 
whether or not an animal has emigrated. The long-term work at Chedington is 
shortly to be presented in a separate paper. The results from Glentress are based 
on observations on marked and unmarked deer; the open nature of this forest 
makes it ideal for stalking deer, and in many cases it was possible to observe the 
eviction of young animals by the territorial adults. 
The annual loss from each class is derived from emigration and mortality due 
to shooting, accident, and disease. In the 1- and 2-year age classes, the principal 
factor was emigration in all 4 data sets. Thus, Strandgaard states that 89% and 
9017o of the 1- and 2-year-old male losses are due to emigration and that approxi-
mately 70% of the 1-year-old female losses are due to emigration. The long-term 
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data from Chedington (1965-1976) are confused to those animals which were 
caught and marked as kids, and the fate of which has subsequently been established. 
Thus, I have eliminated from consideration all animals caught and marked as adults 
and animals which were caught, marked and never seen again. Out of a total of 
104 kids some 60 failed to become established in the population. Of these 60, 
15 were killed in the course of removal experiments by Brainley or died in the 
nets at capture or were found after dying of disease. 
Whilst it is not possible to determine the fate of the remaining 45 deer (75 17o), 
it is a reasonable assumption that the majority emigrated. The wood was searched 
thoroughly in the early years of the study and weeded twice annually, and the 
remains of dead deer would probably have been found. In addition, a certain 
number of deer would inevitably have been poached by some of the local farmers 
throughout the course of the study. However, the absence of detailed information 
on the fate of emigrant deer presents a great problem in the interpretation of data 
from Chedington. 
It is possible to arrive at a total turnover figure for non-established 1- and 2-year-
old deer by adding the annual loss for each age and sex. Thus the Kalo data give a 
loss of 22-4% of the population (9-2%, 1 yr. male; 44%, 1 yr. female; 83%, 2 yr. 
male; 0-5%, 2 yr. female), the long term Chedington data 26-6%, and Glentress 
234%, this last figure not including the 2-year-old females because of practical 
problems in identifying unmarked does. 
The data from Chedington are complicated by a series of removal experiments 
performed by Bramley in 1968 (Bramley 1970b). In these experiments Bramley 
removed a total of 8 territorial males, 5 territorial females, 3 juvenile males and 
2 juvenile females. The 8 adult males and 5 females were all replaced by animals 
which were previously non-territorial, a large number of which had been caught 
and marked in Chedington wood, but some of which were unmarked. Since there 
are always some unmarked animals in Chedington, whilst other animals have lost 
their collars or ear tags, it is probable that most, if not all, of the deer which 
replaced the 13 territorial adults were resident in the wood at the time of the 
shootings. Thus the emigration of non-territorial animals at Chedington may have 
been depressed in 1968 and this may have affected the total loss of animals. 
The figures for emigration of residential territorial animals are very different. 
Only 1 adult male and 4 adult females emigrated from Kalo in a 2-5 year period. 
Similarly at Chedington, from 1966-1968, only 2 adult males and 3 adult females 
emigrated. No adult male at Glentress emigrated from 1973-1976. Turnover in 
adults seems to be confused almost entirely to mortality within the population 
due to factors such as traffic accidents, capture mortality, disease and fighting by 
males. For example, at Glentress, of the original 13 male territory holders in 1973, 
one was shot, one died in the nets, and two died in fights with the same neighbour. 
In 1976, there were still 13 territorial males in the population. Thus in terms of 
population dynamics, emigration by adults appears to be insignificant when 
compared with emigration by non-territorial juvenile animals. This is of some 
importance to the manager, because it means that the annual cull must exceed 
the annual loss of non-territorial deer in order to achieve a control of numbers of 
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deer resident in the wood. The Kalo figures suggest that this figure should be in 
excess of 23% of the population, the long term Chedington data suggest 27%, and 
the Glentress study suggest 23%, (excluding any figures for losses of 2-year-old 
females). The figures from Kalo may have been depressed by the very low eviction 
rate for 2-year-old females of 05%, especially when the much longer term work at 
Chedington gives a 54% eviction rate for the same class. In order to control roe 
populations therefore, it is necessary to kill a quarter or more of their numbers 
each year. 
Immigration seems to be very low in these three study areas. Strandgaard found 
that of the 99 new individuals gained in a 25-year study, only 3 animals 
immigrated; the remainder were reared in the wood. Similarly, at Chedington, 
immigration appears to be very low, although many of the data are very difficult 
to interpret because the animals in the surrounding blocks of woodland are not 
marked. However, deer marked in Chedington seldom succeeded in establishing in 
other woodlands, and the numbers of marked deer established in nearby Haselbury 
Park are very low. The turnover figures for non-established deer quoted above are 
derived from those animals which are evicted after all available territorial space in 
the population has been taken up. Lockie (1966) suggests that obtaining a territory 
depends largely on being in the right  place at the right time. This may account for 
the lack of success of immigrant deer. 
If a cull of 25% seems very high, it is important to bear the following points in 
mind: 
The sex ratio of breeding animals in roe populations is always biased in 
favour of females: (Kalo 20 :1, Chedington l.-9:l, Glentress 185 : 1). 
Females which remain in the wood into their second year are normally 
mated, and give birth the following spring, on or near their second birthday. 
Twinning in roe is common although young females breeding for the first time 
tend to have significantly more single kids than older females. Strandgaard (1972a) 
quotes a ratio of 1-9 corpora lutea per doe on 41 shot samples. At Chedington 
(using data from marked deer only) a total of 85 births produced 133 kids (ratio 
1- 56) but if all first time breeders are excluded, the ratio rises to 1-78 kids per doe. 
These latter figures are based on live births which result in kids surviving to the 
6-month stage, unlike Strandgaard's corpora lutea counts. 
Female roe are very fertile and tend to breed every year. A sample of 31 
• marked known-age breeding does at Chedington from 1963-1975 shows that on 
only 4 occasions in this 12-year period did a known breeder fail to produce kids 
• and then give birth the following year, and even this figure may be high since 
stalking conditions at Chedington are now very difficult and an animal which was 
thought to have produced no kids may well have given birth to young who died or 
were killed. 
ROE MANAGEMENT 
Forest managers practice a variety of culling policies, ranging from intensive 
shooting to highly selective culls for fee-paying trophy hunters. It is extremely 
difficult to eliminate roe completely from commercial woodland by shooting, and 
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most policies aim simply to reduce the population to a level at which damage is 
acceptable to the forester. In addition damage can to some extent be offset by 
income from stalking fees, sale of venison and even tourism. (lii the case of damage 
to woodland by red deer, income from the deer can, exceptionally, exceed the 
cost of the damage, Pellew 1968). Furthermore, roe control is limited by law. In 
Scotland, there is an open season for bucks from March to October, and for does 
and yearlings from October to February. In England there was until recently no 
close season for bucks, although the Forestry commission did observe the Scottish 
season. The policy of the Forestry Commission is to control browsing damage by 
an overall reduction in deer numbers and to control fraying damage by selectively 
shooting non-territorial bucks, in the belief that it is the presence of young non-
territorial bucks which causes excess fraying damage. 
I have suggested that a policy of control ought to aim at a cull in excess of 25% 
per annum, as this approximates to the turnover of natural roe populations. 
However, :  the eviction from the population takes place entirely in the spring and 
summer months. In the early summer, vacant territories are filled promptly 
(usually within 24 hours) whereas territories vacated in the autumn or winter 
usually remain unoccupied until the following spring. For instance, a territorial 
buck was killed in a catch-up at Glentress in November 1974. The territory 
remained unoccupied by an adult male until the end of April of the following year. 
Similar findings are reported by Bramley (1970b). Thus any animal removed in 
winter time is unlikely to be replaced until spring, and any animal which survives 
into the autumn will not be under threat of eviction until the following spring. 
This is fortunate because browsing damage is highest in winter, with a peak in 
browsing usually occurring in January and February (Hosey 1975); Gibson and 
MacArthur (1965) have suggested that conifer browsing is most common in periods 
of snow cover when alternative foods are scarce. Winter culls are normally 
restricted to females and the young of either sex born the previous spring, and a 
heavy winter cull might achieve a sufficient reduction in numbers to be effective in 
reducing damage. In addition, if the assumption is made that the pregnancy rate of 
those females which are evicted the following spring is similar to the pregnancy rate 
of those which remain, then the great majority of females over 1-year-old will be 
pregnant and heavy shooting will inevitably depress recruitment the following 
spring. At the time of the winter cull, some 60-70% of the total population is 
legally available for shooting since bucks of 2-years or more form such a small 
proportion of natural roe populations. 
The summer cull is aimed primarily at reducing the damage to young trees 
caused by roe bucks. The policy, as operated by the Forestry Commission, is 
designed to leave the adult territory holders and to remove the young potential 
competitors. This policy is based on the belief that it is the presence of young 
bucks which causes high levels- of aggression in the adult males and results in 
serious damage to trees by fraying. Thus, the stalker is required to identify those 
areas of the forest which are suffering serious damage and there to identify and 
shoot non-territorial bucks, while leaving territorial animals unharmed. 
Territorial animals are normally identified by their heavier body weights, since 
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recognition of large numbers of individual deer is not possible. However, young roe 
very quickly become indistinguishable from adults. Observations of captured deer 
of known age at Chedington showed that by the time that males are 18 months old, 
they have achieved adult weights. Does mature more quickly and are indistinguishable 
beyond 16 months (see Table II). Strandgaard did not attempt to age deer in the 
field beyond 12 months. Aitken (1974) found that the age of female roe shot at 
Thetford (as determined by tooth section method, Aitken 1975), bore no relation-
ship to the age of deer as assessed by stalkers who culled the animals. Despite 
evidence of this nature, many stalkers will claim to be able to age deer accurately 
in the field. 
TABLE U. Relation between Age and Weight of Roe Deer from Chedington. 
(a) Male deer (b) Female deer 
Age of Deer 
in months Mean Weight, Standard Number in Mean Weight, Standard Number in 
Kilograms Deviation sample Kilograms Deviation sample 
1 238 0662 43 224 058 51 
2 408 105 4 345 085 6 
3 - - - - - - 
4 - - - - - - 
5 1723 - 1 - - - 
6-7 1641 12 10 1492 038 8 
8-10 1694 164 24 1594 170 22 
11-15 1853 090 4 1661 158 11 
16-20 2274 237 11 2046 081 5 
21-25 2304 223 15 2079 022 5 
26-30 2018 097 2 2471 - 1 
31-40 2400 149 13 2176 222 8 
41-50 2438 137 5 2148 284 7 
51-150 2456 194 12 2362 113 15 
There seems to be little justification for attempting to select against non-
territorial bucks. In removal experiments at Chedington and at Glentress 11 
territorial animals have been killed, the territories of which had previously been 
determined by intensive field work. In every case, the removed animal was quickly 
replaced by a previously non-territorial animal, and the territory was much the 
same as before the removal. Despite this evidence, stalkers still talk in terms of 
large numbers of young bucks settling on vacant territories. This is not true, and 
an analysis of 40 territories over 12 years at Chedington shows that there is no 
relationship between the age of a territorial buck and the size of the territory. 
(See Table III and Fig. 1). 
Serious fraying damage is frequently attributed to the presence of too many 
young bucks in the forest. In Glentress 212 fraying events by territorial bucks were 
observed in 1974 and 1975. Of these, young bucks were only present on 47 
occasions, and most of the fraying took place when the territorial animals were 
alone. North (1976) examined conifers which had been frayed in 7 territories at 
Glentress, and found that the number of trees damaged, and the intensity of this 
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TABLE III. The relationship between age and territory size 
in roe-bucks from Chedingron. 
Age of Buck 	No. of territories 	Mean size of territories 
(in years) in sample 	 (in ha.) 
3 	 8 	 963 
4 9 5 .47 
S 	 7 	 7 . 53 
6 5 7.74 
7 	 4 	 115 
8 3 107 
9 	 2 	 528 
10 2 342 
(All territories assessed by the minimum polygon method, Mohr and 
Stumpf 1966. No territory of under 8 sightings considered. Corre-
lation of age against territory size not significant, r = 0045.) 
10 	x 
	
X 	 x 
X 	 * 	 x 
* 	X 	 X 
6 	x 	 x x X  
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Territory size, ha. 
20 
Fig. 1. Relationship between age of buck and area of territory at Chedington. 
damage, increased as one approached the edge of the territory boundary, (Fig. 2). 
North was able to classify frayed trees into 1975 damage, 1974 damage and damage 
prior to 1974. A chi-squared test on the 1974-1975 data shows that there is no 
significant difference between the observed and expected frequency of individual 
trees being frayed for more than one year, suggesting that roe bucks frayed trees 
at random. This is of some importance to the forester, because badly damaged trees 
are sometimes left in plantations in the belief that the roe buck will return to the 
same fraying stock next year. 
In May and June of 1976, highly favoured artificial fraying stocks (willow wands 
in groups of 10) were planted across two male territories, each of which was 
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Fig. 2. The relationship between fraying damage and the distance to the boundary of neighbouring 
territorial bucks at Glentress; data from North (1976). 
territories. The results are presented in:Table IV, and clearly show that fraying 
intensity at the boundary of a territory is not necessarily related to the presence of 
another territorial male. The attribution of serious fraying damage to the presence 
of young competing males is probably too simplistic a view. Fraying seems to be 
related more closely to the size and shape of male territories and to the distribution 
of suitable fraying stocks, than to the presence of young competing males nearby. 
TABLE IV. Fraying damage on artificial  stocks in 
relation to territory edge at Glentress. 
Moorland edge 	Territory edge 




30 	 30 
No.7 Number 
frayed 	 16 	 13 
Number of 
30 	 30 Buck wands 
No. 8 Number 
21 	 27 frayed 
Total number 
37 	 40 frayed 
0 • 00 
'Bucks 1 and 15 (Chapter 2) and 7 and 8 quoted here 
are the same individuals.? 
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DISCUSSION 
Lockie (1977) has pointed out that very few control schemes are ever checked 
to see whether the control measure is truly effective in reducing the numbers of 
animals and simultaneously lowering the level of damage. Indeed, where such checks 
are made, the results are often surprising (Houston 1977, Hooded crow damage to 
hill sheep). 
The policy of selective shooting of bucks is just such a case. A selective cull is 
unlikely to be effective in reducing damage and can have no effect on the population 
density since the shooting takes place at a time when young non-territorial bucks 
are being evicted. Such a cull is generally impossible to operate in practice. In most 
forests, however, winter browsing is a more severe problem than fraying damage in 
the summer and it is possible that intensive shooting of females in vulnerable areas 
will achieve some degree of protection. Removal experiments have indicated that 
established does are replaced by young does in a similar manner to the replacement 
of bucks. These experiments have only been performed on a small scale; from the 
point of view of damage protection, it is essential to know whether similar principles 
operate in large mature coniferous forests which adjoin or enclose newly planted 
areas of highly vulnerable young trees. The work at Chedington and at Glentress 
has not adequately established whether a female killed in the winter is replaced 
immediately or at a later date, and it may well be necessary to shoot not only the 
resident deer but also large numbers of incoming deer. 
It is very difficult to estimate deer density with any degree of accuracy; roe 
numbers can normally only be established in very small areas which are intensively 
studied. The example of the shoot-out at Kalo is now very well known. In this 
case the foresters and game wardens were asked to make an estimate of the size of 
the herd, not because game biologists wanted to judge the ability of men to estimate 
a population of roe deer, but to find out whether there were enough animals for an 
investigation of population composition, reproduction and so forth (Strandgaard 
1967). The population estimate was 70 deer, and surprise was genuine when 213 
animals were shot. In Glentress in 1973, the population estimate by 2 rangers for 
the 310 hectare study area was 12-15 deer. By the end of 1974, it was apparent 
that the true population was in excess of 60 animals. 
In South Scotland each ranger covers an average of 2589 hectares of planted 
woodland containing roe and in some cases rangers may patrol over 5000 hectares. 
For the year ending 31 March 1977, a total of 1734 roe were killed over an area of 
121,695 ha. of Forestry Commission land. This represents a cull of 1 deer per 70 ha. 
If this cull was a maximum sustained yield kill of approximately 25% of the total 
population, then the roe density averaged over the whole woodland area of 
Commission land in south Scotland would be 57 deer per 100 ha. Reliable figures 
for roe densities in other countries vary enormously. Klein and Strandgaard 
(1972) quote a density of 13 deer per 100 ha. for very poor quality sand dune 
plantations in Denmark; clearly less dense populations must exist, but the available 
literature which refers to these populations is unconvincing. Nonetheless, it is likely 
that a greatly increased number of deer could be culled by the Forestry Commission 
in south Scotland without in any way affecting the total roe density. Clearly, itis 
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more important for the forester to know whether deer numbers can be reduced 
temporarily at the time of the year when trees are vulnerable and whether this is 
effective in reducing damage. 
The roe density for many areas of woodland in Scotland will never be known 
and many managers rely on intuitive judgement in the absence of accurate counts. 
The existing practice of some foresters of taking an annual count of deer over a 
few days each winter is probably of little practical value, the more so because the 
possession of a figure for roe density may inspire misplaced confidence in a 
remedial culling policy which is entirely irrelevant. 
Management of roe in south Scotland has been greatly influenced by a paper 
by Gibson and MacArthur (1965), in which the authors discussed their experience 
in controlling roe damage to a Forestry Commission plantation. This paper did 
great service in providing an alternative to the inhumane and undesirable policy 
of shot-gun drives which used to be the common method of 'controlling' roe 
numbers in forests. Unfortunately the paper did not present tables of data to 
support the authors belief in the system they advocated. The paper lacks firm 
reference to census techniques, methods of ageing wild unmarked deer and the 
assessment of damage and deer signs. In the light of more recent work it is difficult 
to accept Gibson and MacArthur's conclusion that 'surplus young deer had been 
shot' and that none had emigrated, and the implication that bucks defend the area 
surrounding the doe rather than territories has been disproved by the removal experi-
ments of Bramley (1970a). Forestry experience since 1965 must throw doubt on the 
suggestion that vulnerable areas can be cleared of deer in May—the very time that 
animals are competing so strongly for territories. 
Nothing is known of the movements and ultimate fate of evicted deer in large 
conifer forests. In Denmark, very large numbers of deer were shot on the private 
estates neighbouring Strandgaard's study area. There is not the same degree of 
hunting pressure in south Scotland and it is likely that those animals which fail to 
establish in new uncolonized habitats simply die of starvation. While there is normally 
very little that a manager can do to alter the carrying capacity of established wood-
land, very high shooting pressure each year will theoretically result in an insufficient 
number of deer to fill the territories of the animals which have been removed. Non-
territorial deer are very mobile and this complicates the task of creating empty 
territories by removing territorial animals. Thus movements of non-territorial 
animals within a wood of only 3 miles radius would require a kill over 28 square 
miles of woodland to reduce the breeding population in a vulnerable area. 
Most roe management policies have as their basis an annual cull of deer aimed 
primarily at reducing forest damage, and all state forests and most private forests 
in south Scotland employ trained deer stalkers. In the light of our new understanding 
of roe deer, the efficacy of some of the culling policies in operation is suspect; in 
particular it is unlikely that selective shooting is a practical method of reducing 
damage. The alternative policy of heavy shooting may also be impossible to operate 
because of the high fecundity of natural roe population coupled with the rapid 
replacement of culled breeding animals. There is an urgent need for research into 
these problems, and a correctly conducted scientific investigation would be of 
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great value to the future of forestry in this country, in view of the cost of establishing 
plantations which the roe deer damages or destroys. 
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Appendix 2. 	Fern digging results from 10 transects at Glentress 
Sampling period 
	



























Period 	1 18 Dec. 
2 14 Jan. 
3 3 Feb. 
4 23 Feb. 
5 15 Mar. 
6 4 Apr. 
7 24 Apr. 
8 7May 
Dl 002231 10321123132 
11 012332 21321123232 
12 222342 213 3.2 123242 
22 332343 22333233343 
23 432343 22 33 3233343 
23 443444 34333333343 
34 4.44444 44333433444 
44 444444 44444433444 
0 01 0 
1 12 1 
1 12 1 
2 12 2 
2 12 2 
2 S 13 2 
3 22 3 
3 22 3 
00000 000 0000 
00001 120 0100 
12011 120 1100 
12111 120 1111 
12111 120 1111 
12111 120 1111 
12111 121 1111 
12111 121 1111 
Score Rhizome feeding Frond feeding 
1 Trace digging Trace digging 
2 1-2" dug Less than 10% 
3 2-4" dug Less than 30% 
4 4" plus dug 30% browsed + 
0 1 1 
1 2 2 
1 2 2 
1 2 2 
1 2 2 
2 2 3 
	NJ 
2 2 4 









Appendix 2. Fern digging results from 10 transects at Clentress (continued) 
Sampling Transect No.5 Transect No.6 Transect Transact No.8 Transect No.9 Transect 
period No.? No.10 
1 2 2 1 3 	3 2 1 1 1 0 0 	0 0 2 	1 0 0 1 2 3 01 3 0 	0 
2 2 3 2 3 3 2 3 2 1 1 0 0 1 2 2 1 1 3 0 0 1 1 3 0 0 
3' '3 332 333322111 32 11123 21301 
O.felix-mas 4 3 3 3 4 	3 3 3 3 4 2 1 	1 1 3 	2 1 1 1 2 3 2 1 3 0 	1 
53334 334342111 32 11233 21302 
63434 334443211 32 12233 22313 
74444 434443213 42 22233 22442 




D.dilitata 4 1 1 




1 000 0 00 000 
2 110 1 00 110 
3 120 1 10 110 
Thelypteris 4 1 	2 1 1 1 0 1 	1 0 
dryopteris 5 1 2 1 1 1 0 1 1 0 
6 121 1 11 111 
7 121 1 11 121 
8 121 1 11 121 
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Appendix 3 : Results of Pellet Counts 
Habitat type 2 	n = 15 
No. of Frequency of groups 
groups 	Spring 	Summer 
0 1 1 
1 1 0 
2 4 0 
3 4 6 
4 3 - 	4 
5 1 2 
2. 
x 2.93 3.70 
Habitat type 4 n = 5 
No. 	of Frequency of groups 
groups Spring Summer 
0 1 3 
1 2 1 
2. 2. 1 
x 1.2 0.6 
Habitat type 6 	n = 25 
No. of Frequency of groups 
groups 	Spring 	Summer 
0 1 1 
1 2 4 
2 4 7 
3 4 8 
4 5 3 
5 5 2 
3 
x 3.4 2.56 
Habitat 	type 3 n = 25 
No. 	of Frequency of groups 
groups Spring Summer 
0 1 1 
1 1 1 
2 2 1 
3 6 5 
4 8 4 
5 5 8 
x 3.92 4.12 
Habitat 	type 5 n = 15 
No. 	of Frequency of groups 
groups Spring Summer 
0 10 7 
1 3 4 
2 1 3 
_.1;. 
x 0.53 0.86 
Habitat type 7 n = 35 
No. 	of Frequency of groups 
groups Spring Summer 
0 2 4 
1 3 7 
2 5 9 
3 10 7 
4 10 6 
5 5 1 
-. .1. 
x 3.08 2.31 
Note: No counts were made on habitat type 1. 
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Movements of roe with respect to escape cover 
Roe at Glentress were generally easy to approach and 
observe because of the open terrain. 	However, when 
alarmed, they frequently ran to thick cover (habitat type 
4 and 5). 	It might be expected that some parts of the 
forest were less suitable to roe because they were a 
considerable distance from such cover, and that feeding 
areas near to escape cover are more valuable to roe. 
This can be tested by plotting the frequency of first 
sighting positions of all deer seen in open areas against 
distance to cover, and comparing the results with randomly 
located points in the open areas. 
The distance to escape cover of more than I ha. for 
956 sightings of roe on habitats 1 9 2 1 3, 6 and 7 in 1975 
was measured, and the distances allocated to 25 metre 
frequency classes. 	956 random points were located on a 
12" map, and their distances to cover measured. The tail 
of the random curve was artificially smoothed in the 250 - 
300 in. class. 
Results 
The results are presented in figure I. 	It can be 
seen that the random locations within the open type habitats 
correspond very closely to the observed locations of deer. 
This suggests that cover and feeding areas are so 
interspersed at Glentress that roe deer can effectively 
ignore them, and that the critical lower limit of dispersion 
250. 
of escape cover is never reached within Glentress. 
Furthermore, there is no apparent difference in the 
dispersion of roe with respect to cover for the summer, 
(April - September) and winter (October - March); see 
Figure 2. 
These results are curious, because it was frequently 
common to see roe moving out of cover to feed at dusk and 
one might expect measurements of distance to cover to 
reflect these movements. 	It is therefore suggested that 
the locations which roe select for feeding are unaffected 
by the necessity to be near to escape cover. 
In 1975, 212 sightings were made of roe feeding 
after dark using spot-lamps and image intensifiers. 	If 
these data are plotted in the form of distance frequencies 
to cover, it can be seen that roe feeding at night 
generally moved away from cover in the 0-50 m. category, 
(see Figure 3). 	The reasons for these observations are 
structural. 	Roe moved downhill into the valleys and type 
6 and 7 habitat each night, and thick cover was located on 
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Figure I 	A comparison of the frequency distributions 
of distances of deer sightings on open grounc 
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Figure 2 	A comparison of the frequency distributions 
of the distances of deer sightings on open 
ground from cover for 'winter' (October-March) 
and'summer' (April-September) in 1975. 
M. 
- 
Figure 3 	The frequency distribution of all 
night time deer sightings on open 
ground in 1975 with respect of 
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